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Abstract

The predictions from the traditional North-South HOS approach are at variance with the
main characteristics of the Inequality-Globalization nexus. It is shown that by modifying
this model and relaxing some of its most restrictive assumptions, it is possible to generate
these characteristics. Four series of extensions are analysed: 1) divergent factor
endowments between the North and the South and growing size of the South; 2) labour
market rigidities resulting from a minimum wage or from the fair wage hypothesis; 3) the
introduction of technological differences between countries, of technological transfers, of
technological catching up and of technological biases; 4) the inserting of production
segmentation and international outsourcing. Further possible extensions are also discussed.
The resulting augmented North-South HOS approach provides suitable modelling of the
Inequality-Globalization nexus.

Keywords: Globalisation; H-O-S; Inequality; North-South model.
JEL Classification: D33; E24; F16; J31.

"I wish to thank the French Agence Nationale de la Recherche (ANR) for its financial support.
T Contact details: joel.hellier@wanadoo.fr


http://www.ecineq.org/�
mailto:joel.hellier@wanadoo.fr�

1. Introduction

Three main explanations have been given to thease in inequality observed in advanced
countries (the North) in the last thirty years:titugional changes, skill biased technological
change, and globalization.

Globalization impacts on inequality in the Nortlaigh the competition from emerging
countries (the South). The South being highly eretbwith low skilled labour, North-South
openness entails an increase ingki premium(ratio of the wage of skilled workers on the
wage of unskilled workers) in the North, i.e., geriin inequality. This is based on the
international specialisation of the North in skiltensive goods and the South in unskilled-
intensive ones. In this story, inequality resutmi the trade-driven move in specialisation
with different endowments of skilled and unskillegbour in the North and in the South. The
usual theoretical framework to portray such an axaltion is the2x2x 2 North-South
Heckscher—Ohlin—Samuelson (henceforth NS-HOS) madlelvhich the two factors are
skilled and unskilled labour.

However, if the NS-HOS framework provides a modellof the increase in inequality in
the North that derives from North-South opennessstrof the observed developments are at
variance with the model predictions. These conttamhis comprise the changes in the relative
price of goods and in skill intensities in the Npiin inequality in the South, and the tendency
towards factor price equalisation at the world lefg=e the full list in Section 3). These
contradictions can lead to three attitudes conogrttie relationship between the HOS model
and inequality.

The first attitude consists in diagnosing a neplgimpact of globalization (North-South
openness) upon the changes in inequality. If theHIS framework is well tailored to model
North-South trade (NST), and if most of its preies are not in line with observed facts,
then NST is not a major explanation for the changeasequality. This position was in a large
majority amongst economists until the late 90s &Skau et al., 2008, for a survey). The
minor impact of globalization upon inequality wassentially explained by the small size of
the South Krugman and Lawrence, 1998rugman 1995). However, such an argument is no
longer valid given the critical increase in the gigiof emerging countries in world trade and
production since the mid-nineties (Krugman, 2008ith the advent of China and India, most
of the HOS prediction should be verified if the H@®del provides a reliable picture of the
main mechanisms of North-South openness.

A second attitude consists in diagnosing the ingiof the HOS model to capture the key
characteristics of globalisation and NST becausisatstrictive assumptions (Desjonqueres
et al., 1999). Several shortfalls in the traditioH®S framework have been put forward such
as (i) its static nature, (ii) identical technolegjin both the North and the South, (iii) the lack
of segmentation in production, which impedes thel@tiong of international outsourcing, (iv)
the need to account for rigidities in labour masketc. Finally, North-South openness and
globalization may well act upon inequality througtannels other than specialisation in trade,
e.g. through technology and capital transfers,edéffices in property rights enforcement,
migrations etc. Despite the accuracy of theseqers, the impact of the relocation to the
South of an increasing share of unskilled-intensiwetors has become a major characteristic
of the globalisation process, and this cannot lmkertestimated by economic analysis.

A third attitude consists in accepting the HOS fearork as a starting point and to
significantly amend it so as to model certain kegchanisms that its traditional version
cannot portray because of over restrictive assumgtiThis conception is based on the fact
that the main advantage of the South in world trstderests upon the possession of a large
and relatively cheap unskilled manpower. Since imafional firms can easily produce in the
South, both capital and technology can be consider® mobile whereas North-South



migrations of skilled and unskilled labour remaiostty and subject to high institutional
restrictions. Such facts favor the adoption of N&HOS framework. However, this model
must be substantially amended so as to accounthérmbove critiques and to enable its
predictions to coincide with the main observed dewaents.

The aim of this chapter is to show how, by relaxaegtain restrictive assumptions and
adding new hypotheses, the extension of the toaditiNS-HOS framework makes it possible
to generate most of the characteristics of thealipftion-inequality nexus.

Section 2 lists stylised facts on globalisation aretjuality over the last thirty years. The
traditional NS-HOS model is built in Section 3 atglmains predictions are compared with
the stylised facts, which demonstrates inadequastyvden the model and the observed
developments. The subsequent five sections aretetbvo several possible extensions. A
concluding section summarises the corresponderete®bn the examined extensions and the
stylised facts.

2. Globalization and inequality: Stylised facts

We start from the following stylised facts concegnithe globalization process and the
dynamics of inequality since the eighties:

1. A critical increase in the weight of emerging ctrigs (the South) in the production and
exports of manufacturing, and thereby a significdecrease in the weight of advanced
countries (the North).

2. The South is specialized in the production andagmf unskilled- intensive goods and the
North in skill-intensive goods, and the skill lee#lthe working population is substantially
higher in the North compared to the South.

3. The development of international outsourcing,, i&.situation in which the different
segments of production processes are located ferdift countries. In particular, the skill
intensive segments remain in the North whereas uhskilled intensive segments are
relocated to the South.

4. In terms of production and specialisation, the tBadid not produce skill-intensive goods
at the outset of globalization and the North stappeoducing unskilled intensive tradable
goods from late 2000.

5. An increase in the skill intensity (ratio of thélisation of skilled on the utilisation of
unskilled labour in production) in almost all indtiss in both the North and the South.

6. A critical increase in foreign direct investmeffEDIs) from the North to the South.

7. In most northern countries, an increase in unemmplent compared to the pre-
globalization period, and particularly in unemplognt of unskilled workers.

8. A significant increase in the skill level of therking population in all northern countries
over the last forty years.

9. The wage gap between the North and the South nsnsaibstantial for unskilled workers
as well as for skilled workers.

10. No tendency towards international skill premia a&lggation, neither between northern
countries, nor between southern countries, nor betwthe North and the South.



11. Inequality (the skill premium) remains higher iaughern countries than in northern
countries.

12. An increase in the skill premium (inequality) imast all northern countries over the last
thirty years, with albeit substantial differences@ss countries.

13. Miscellaneous variations in the skill premia antequality in southern countries (see
Chapter 2). More precisely, inequality had decrebse East Asia from the early 80s to the
mid-90s, but it has increased since this periogglmlity seems to have increased in most of
the Latin American countries, as well as in Chimaldndia since the early 90s, but it has
regressed in China and certain Latin American caestsince the mid-2000s. Nevertheless,
the general diagnosis is that of an increase imusadity.

14. No increase in the prices of the skill-intensivads in relation to those of unskilled
intensive goods in the North.

The first eight stylised facts cover the globali@atcharacteristics in terms of production,
skill, trade and international specialisation. Tast six facts deal with wages, inequality and
prices. Since our concern is the income gap betwkidlied and unskilled workers, inequality
is measured by the skill premium, i.e., the ratfoskilled workers’ wage on unskilled
workers’ wage.

3. Thetraditional NS- HOS model and its shortfalls

The traditional North-South HOS model is firstly nstructed and its main predictions
underlined. We subsequently compare these predgtwith the observed (stylised) facts
exposed in Section 2.

3.1. The North-South HOS model

We construct an HOS model with two factors, skill@oourH and less skilled labour, two
goodsh andl, the production oh beingH-intensive and that dfbeingL-intensive, and two
countries/areas, the NortN)(and the SouthS). Values at the world level are depicted by the

subscriptW. As usual in HOS models, factor endowmehtsand H;, i =N, S, are given and

factors are internationally immobile. The Northredatively better endowed with skilled
labour and the South with unskilled labour. Conseqly the unskilled labour relative
endowmentsi =L, / H; , are such tha#lg > A,,. All the usual HOS assumptions concerning
pure competition, identical technology and ident@amand functions in both countries, no
transport cost etc., are maintained.

For the sake of simplicity, we assume log-linealitytand production functions. In both
countries and at the world level, the (instantasgautility function is such that goot
accounts for the proportioff of total income and expenditure, and gdofdr the proportion

(1- B). The production functions are Cobb-Douglis= A L H“, j=h1, with a, > ay,
because of the assumed difference in skill intgrimtween sectors.

Resolving this model provides the full employmemjuiébrium values of the skill
premium w=w, / w and of the relative pricey, / p, (i) for each country being in autarky

(i=N,S and (ii) at the world level € W) in free trade (see Appendix):
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with a = Ba, +(1-B)a,,, Ly =Ly+Ls, Hy =Hy+Hgand A =L /H,,i=N,S,W.

Since Ag > A, the world relative endowmemt,, =L,,/H,, is such thatlg > A,, > A
and the skill premia hierarchy is:

s > @y > Wy (3)

Relations (1)-(3) establish the following resultsitt are usual predictions of the HOS
model:

1. The existence of a unique skill premium at therlevlevel (relation (1) fori = W)
combined with identical technologies in both coigstrresult in international factor price
equalisation (FPE) in the case of free trade beatviiee North and the South. It must however
be remembered that FPE is conditioned by the lmcatf both countries inside the
diversification cone (McKenzie, 1955, Chipman, 1968 the analysis in Section 4).

2. The differences in factor relative endowmentsniomed with identical demand
function for goods entails a specialisation of Hath in the exports df and the South in the
exports ofl for identical factor prices in both countries.

3. The Stolper-Samuelson theorem directly stems fRelation (2): an increase in one
good’s relative price induces an increase in thegive return to the factor in which this good
is intensive.

4. Relation (3) shows that North-South opennegssiéa an increase in the Skill premium
in North (&, >@,) and a decrease in the Soutly (> &, ), i.e.,a rise in inequality in the
North and a reduction of inequality in the Sauth

5. Openness decreases skill intensities in thehNamd increases them in the South in
both sector$ andl. This directly stems from the increase (decreas#)e skill premium in
the North (South).

Finally note that in the situation of free tradévien the North and the South, the law of
one price on the markets for goods shows that botintries must share the same skill
premiumdy, if they both produce both goods (Relation 2).

3.2. Stylised facts against the NSSHOS model

Table 1 compares the stylised facts exposed iniddeet with the results of the NS-HOS
model determined above. Table 2 compares the pi@uscof the NS-HOS model with
observed developments.



Table 1. Stylised facts against the NS-HOS model

, Suitability with the

Stylised facts NS-HOS mode
1. The South is specialized in the production anaebgf unskilled
intensive goods and the North in skill-intensivedmo yes
2. Development of international outsourcing irrelevant
3. An increase in the skill intensity in all indusiiin both the North and no
the South.
4. A critical increase in FDIs from the North to tBeuth irrelevant
5. An increase in unemployment of unskilled workertsie North no
6. The wage gap between the North and the South nsmsabstantial for no
unskilled workers as well as for skilled workers
7. Increase in the skill premium (inequality) in tRerth yes
8. The skill premium remains higher in the South timatne North no
9. No tendency towards international skill premia @légation no
10. No decrease in the skill premium in the South no
11.No increase in the prices of skill-intensive goadrelation to unskilled no
intensive ones in the North

Table 2. The NS-HOS predictions against stylised facts

_— Suitability with
NS-HOS predictions stylised facts

1. The South is specialized in the production andebagf unskilled

intensive goods and the North in skill-intensivedm yes
3. An decrease in the skill intensity in all indusgtrin the North no
4. An increase in the skill intensities in the South yes
5. Full employment in both countries no
6. Tendency to factor price and skill premia equalma no
7. Increase in the skill premium (inequality) in tRerth yes
8. Decrease in the skill premium in the South no
9. Increase in the relative price of skilled-intensg@ods in the North no

When compared to stylised fact, the NS-HOS resdtsbe either in agreemenygs in
Table 1), or in contradictionr{t’), or irrelevant if the model cannot predict angthabout it
because its structure is inadequate. The only ®eldpments consistent with the NS-HOS
results are the specialisation pattetmg(the North and in the South) and the increase in the
skill premium (inequality) in the North. Seven obietlisted eleven facts are in contradiction
with the model, and the model is irrelevant for aserved facts. In addition, only three NS-
HOS predictions are confirmed by the observed agveents, whereas five are clearly
denied. As a consequence, tinaditional North-South HOS model appears to be largely
unsuitable for explaining the main characteristitglobalization on the one hand and of the
globalization-inequality nexus on the other handisTis essentially due to its restrictive
assumptions. In particular:

1. Assuming given endowments cannot account folinbeease in the size of the South
that derives from the fact that new southern regiand countries have been continuously
joining the globalized economy for the last thiygars. This increase in the size of the South
will be added to the analysis as an exogenous disam

2. By assuming factor price equalisation, we hawplicitly assumed that both the North
and the South were inside the diversification cdre effects of waiving this assumption are
analysed in Section 4.



3. The assumption of pure competition on the lalmarkets results in full employment in
both the North and the South. Section 5 is centredhe release of this assumption by
introducing (i) a minimum wage in the North, angl &n efficiency wage hypothesis.

4. The NS-HOS model assumes identical technologieboth countries. Section 6
releases this assumption by introducing technobdgidferences between the North and the
South.

5. The traditional HOS framework cannot accountifidéernational outsourcing because it
disregards segmentation in production. This isfipoated into the analysis in Section 7.

4. The NSSHOS model outside the diver sification cone

A first extension to the NS-HOS model consists ansidering the cases in which both
countries are not inside the diversification comeresponding to FPE (D-cone hereafter).
This assumption is rather appropriate because ritegponds to a situation where factor
endowments significantly differ between countrighjch is clearly the case between northern
and southern countries in terms of skill attainmd@yt combining the growing size of the

South and significant differences in skill endownsetinat prevent both countries to belong
simultaneously to the D-cone, three stages of ¢jlcdtéon are generated that differ in terms
of specialisation and inequality in each country.

4.1. The Diversification cone

A well-known condition for the HOS general equilion to generate factor price equalisation
is that both countries are inside the diversifmattone corresponding to FPE.

In the quadrantH,L), the D-cone is delimited by the two Iinds=1L&QNH and
—a

ah
1-a,
production ofl and to all the couple$d(L) consistent with the production bffor the world
equilibrium skill premiumdy, corresponding to factor price equalization (Figlye

L= «@,H that respectively correspond to all the couplésL) consistent with the

-

unemployment of

L in the South L= 4 4 H
producing | only 1- a,
with the skill = Y, Diversification cone
premium &y,
> H

Figure 1. Thediversification cone



If at least one of the two countries is outside Breone, this country cannot attain full
employment with the world skill premiur, . In Figure 1, the South suffers unemployment

of the unskilled for the skill premiury, even when producing godanly. Then, because of
competitive labour markets, the skill premium a# thouth increases abovg, and FPE does

not occur. In this case, (i) the South has a higk#rpremium than both that of the North and
that corresponding to FPE, and (ii) the South pcedwood only and the North both goods
at the free trade equilibrium.

Finally note that a situation in which one at leafsthe countries is not inside the D-cone
corresponds to significant differences in factotatiee endowments between the two
countries.

4.2. Globalization
Globalization is defined by two features:

1) An increase in the size of the Squtiis size being insignificant at the beginning e
globalization process, whereas the size of theNloecomes small compared to the South at
its conclusion. This aims at portraying the facattimew southern countries and regions
continuously join the globalized economy and th& tomes to an end when the whole world
is globalized. The increase in the size of the Boesults (i) in the world factor endowments

(Hy,Ly) and the relative endowmem,, being those of the North at the outset of

globalisation, and (ii) in the world factor endowm® and relative endowment tending
towards those of the South as the size of the Sonatbases (Figure 2a). In addition, since the

world skill premium corresponding to FPEas, =1_—a/TW and the countries’ skill premia in
a

autarky @ :1_701, i =N, S, the globalization process correspondggp moving from &,

towardscy as shown in Figure 2b.

An (a) As
Ay

2% (b) 2%
Wy

Globalization

Figure 2. World relative endowment and skill premium throughout globalization

2) A large difference in the countries’ factor endowmtsethat results in a relative
endowment of unskilled labout =L /H,, i =N,S, that is substantially higher in the South
than in the North. This depicts the large diffeesan skill endowments observed between
southern and northern countries. We shall suppgusetis difference in relative endowments
is large enough to place the South outside the 2@ the beginning of globalization, and
the North outside the D-cone at the conclusionl@bajization.



All the other assumptions of the traditional NS-H@8del are preserved, particularly the
constancy of the countries’ relative endowmeatsi =N,S. This depicts the fact that the

southern newcomers have a low skill endowmentgthemaintainingls at a high levél It
is however clear that both, and Ag are growing with time. This is discussed in Set8o

By combining the second and first features, ancemithat the D-cone is located in-

D oH and L=—2 G H, it is possible to represent the

globalization process in the quadrail() as depicted in Figure 3.

between lines L =

H
Figure 3. Globalization, the diversification cone and factor endowments

Firstly, as4y, increases, globalisation leads to a rotation éol¢fi of the D-cone. At the

beginning of globalization, the North is inside tbene and the South outside whereas the
South is inside the cone and the North outsideeatbnclusion of the globalisation process.

Secondly, the South rises in size with a constelative endowmentlg, which can be
depicted by an upward move of the South endowmisL c) along the lind. = AH .
Thirdly, the northern endowmerfH,,,L,) remains constant and it is situated on the line

L=AH.
Finally, the D-cone corresponds to the set of emdemts in-between lines
L=_Yn yH and L :L&NH at the outset of globalization, and it tends talsathe
-

T asH and L =i&}SH with the growing size of the South.
1-a, 1-q

set in-between lineg =

1 We can also consider that the first wave of N{Bsng Kong, Korea, Singapore and Taiwan) no longer

belongs to the South.
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3. Thethree stages of globalization, specialisation and inequality

It is now possible to distinguish three stagesha globalization process. At the beginning of
globalisation, the North is inside the D-cone ane South outside. This corresponds to the
South being small (Figure 4a). As the D-cone ratabethe left with the increasing size of the
South, this first stage comes to an end. This ak@ place by 2 means: either the South enters
the D-cone as the North is still inside and bothntoes are then inside the cone (Figure 4b-
1), or the North quits the cone when the SoutHilisaaitside and they are then both outside
the cone (Figure 4b-2). These are the two casesspmnding to the South being medium-
sized. Finally, from a certain time, the growingesof the South brings it inside the D-cone
and brings the North outside. This correspondi@d3outh being large (Figure 4c).
Henceforth, we denoteg the open economy equilibrium skill premium in coyn

i =N, S when this value differs from the skill premiugy, corresponding to FPE.

(a) Small South

(b) Medium-sized South

L L
y ?
,'/ South
South ,X
% North y
//, X I’ D_Cone X North
,~ D-cone ,’I
(b-1) (b-2)
H H

(c) Large South
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H

Figures 4. Thethree stages of globalization

First stage: Small South

As long as the South is small enough to remainideithe D-cone and the North stands inside
(Figure 4a), the North produces both goods andstingh good only. The skill premium of

the South iséyy :1;—a'/TS (since it producek only) and remains constant provided that the
|

South produces only, i.e., throughout the first stage of globatin. In addition,éx < &g
becausea, >a. Consequently, inequality in the South is loweteafopenness than in

autarky, but higher than both the inequality in Narth and the inequality corresponding to
FPE. In the North, inequality continuously growstlas South corners an increasing share of
the production of because of its growing size.

Second stage: Medium-sized South

The increasing size of the South producess a ootati the D-cone to the left. From a certain
time, this rotation causes (i) either the Soutkernter the D-cone as the North is still inside,
(ii) or the North to quit the cone as the Southtil outside.

When the South enters the D-cone as the Nortlillisnside (Figure 4b-1), both countries
are inside the cone as long as the North remaisigani.e., throughout the second stage.
Then, factor price equalisation occurs and bothntries share the same skill premium
Wy lea/Tw- The growing size of the South causes an incrigadg and indy, , i.e. rising
inequality, throughout the second stage in botiNbih and the South.

When the North quits the D-cone before the Soutiersrthe cone (Figure 4b-2), both
countries are outside the D-cone during the sestage. This typically corresponds to each
country producing one good only,in the North and in the South. As the North produdes

-4y _N, i.e., the highest possible
ay

full employment skill premium of the North. As tis$®uth producekonly, its skill premium

only, its skill premium remains constant at theueali, =

, . _1-a <+ , ,
remains at valuéa, =—L ¢ as in the first stage.
a
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Third stage: Large South

The North is outside the D-cone and produces doodly whereas the South is inside the

cone and produces both goods (Figure 4c). Thuss

kilepremium and inequality remain

constant and high in the North. Because of its gigwize, the South must increase the share
of goodh in its production, which raises the demand fotls#tiworkers and hence the skill

premium and inequality in the South.

More than one northern country

If we assume more than one northern country witferdint relative endowments between
countries, the model generates different skill peenm these countries once the North
produces goodh only. The higher a northern country’s skill endoamty the lower its skill

premium and inequality (northern countnywith a relative endowmeng,, has the skill

1—0'h

premium &, = An)-

h

Table 3 summarises the main characteristics of statpe of globalisation in terms of
sectoral specialisation and inequality in bothNweth and the South.

Table 3. Main characteristics of the three stages of globalization

Stages North

South

Stagel |- P(r:OdltJ'Ctlon of _both good_s. _ |
Small South | - €ontinuous increase in inequa
from the autarkic level.

- Production of goodl only;
ty Constant inequality, significantl
lower than in autarky;

y

1) Both countries produce both good

- Constant inequality, high compar
to autarky.

to autarky

sl) Both countries produce both goods

ed Constant inequality, low compared

Stage 2 - FPE with continuous increase iR FPE with continuous increase |in
Medium-sized| inequality inequality
South 2) Each country produces 1 good only) Each country produces 1 good only

- Production of good h only;

Stage 3 - Constant inequality, high compar

- Production of both goods.
ed Continuous increase in inequal

Large South to autarky.

towards its autarkic level.

ty

We have assumed large differences in factor endowsrtéat prevent the simultaneous

location of both countries inside the D-cone. Tdlesarly

produces new predictions that differ

from the usual NS-HOS results and are consistetht @@rtain stylise facts. In particular:

1. No factor price and no skill premium equalisatiovith inequality (the skill premium)
being higher in the South than in the North, whiohresponds to stylised facts 9, 10 and 11.

2. No production of thél-intensive good in the South

at the first stage{dhe globalisation

process, and no production bfintensive goods in the North at the latter stagéylised

fact 4)

However, certain key observed developments remaéxplained, such as the increase in
unemployment in the North, the fact that both skiland unskilled workers are better paid in
the North than in the South, the rise in inequahtthe South etc.
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5. Wagerigidity

The HOS model assumes perfect competition in lalmoarkets, which in turn ensures full
employment in both countries even when these ardaoib inside the D-cone. To generate
unemployment in the North, it is thus necessaryetease this assumption. In the economic
literature, this has been carried out by severamedminimum wage, search and matching
models, bargaining, efficiency wages etc.). Theootuction of a minimum wage into a HOS
model was initiated by Brecher (1974) and extendgd Davis (1998). Models with
comparative advantages and frictional unemploymaeet proposed by Davidson and al.
(1988, 1999). Felbermayr et al. (20id3ert search frictions into a model with incregsin
returns to scale and Helpman & Itskhoki (2010)adtrce search and matching into a model
that combines comparative advantage and increastiogns to scale. Finally, a number of
works (Agell & Lundborg, 1995;Albert & Merckl, 2001; Kreickemeier & Nelson, 2006;
Kreickemeier, 2008Egger & Kreickemeier, 2009) have introduced efficig wages into
HOS and increasing returns models. We insist loeréwo types of approach that have
received a particular attention, i.e., the insertotd a minimum wage and of efficiency wages
into HOS models.

5.1. Minimum wage in the HOS model: the Davis approach and extensions

Davis’ model

Davis (1998) introduces a minimum wage into a Ndttrth HOS model so as to explain the
difference in unemployment between Europe and tBeThe setting of a minimum wage by
Europe is modelled by the enforcement of a skiknpum ¢ that is lower than that
corresponding to the world equilibrium with pur@gmpetitive labour marketsv< &, . In

contrast, the US leaves market forces free to wbhis leads to FPE at the world level, the
US ‘adopting’ Europe’s minimum wage and skill premi. This result directly derives from a
traditional market clearing mechanism. As longles gkill premium is lower in Europe than
in the US, the skill-intensive godd is cheaper, and the unskilled-intenslvenore costly,
when produced in Europe than in the US. This dcgdahe demand fdr towards Europe,
and that forl towards the US. The related increase in the derf@ndnskilled labour in the
US causes a decrease in this country’s skill premiuntil it reaches the European level
The move of the US skill premium down @ directly stems from the natural change of
specialisation due to differences in relative pgiead wages. This mechanism works without
creating unemployment in the US since there is mpediment to market clearing there.
Consequently, the world unemployment of unskilledrkers due to the adoption by both
countries of a skill premium lower than its markkgaring value is totally located in Europe.
Finally, the introduction of emerging countries anthe initial North-North framework
increases unemployment in Europe only, the US bphegerved from both unemployment
and inequality by the European minimum wage.

The same rationale with the same results can bikedpp the NS-HOS model in which
the North enforces a minimum wage whereas the Suoathtains competitive labour markets.
In this case, the South benefits from the Northimirm wage and the world unemployment
created by this is fully located in the North.

The Davis model is questionable for several reaseinstly, its main result is at variance
with observed facts since growing unemployment urope has coincided with growing
inequality in the US. Secondly, the fact that tlevncompetition from emerging countries
bears no impact upon the US is conditioned by bwmtinthern countries being in the
diversification cone. Suppose that, because ofnthmmum wage, Europe produces gadod
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(skill-intensive) only whereas the US produces bgtiods. Then, the competition from
emerging countries has no impact upon Europe whdteaduces the production of gobd
(unskilled labour intensive) by the US, resultinggrowing inequality (skill premium) in this
country (Oslington, 2002). This is typically morensistent with the observed developments
in inequality. However, it rests upon a special@athat is more skill intensive in Europe
than in the US, which does not reflect reality.
Finally, when applied to the NS-HOS model, the Baviechanism supposes that both the

North and the South belong to the cone correspgndirthe skill premiunto (henceforthco-

% zH and L=—9_zH (Figure 5).
1-a, 1-q
This is all the more unlikely given that tlie-cone is below the D-cone, which signifies that
the South can be inside the D-cone and outsidétfo®ne (as in Figure 5).

cone), i.e., the set of points in-between lines

Minimum wage in the NS-HOS model with the Soutsideithe D-cone

Figure 5. D-coneand -cone

If the South is outside the D-cone before the rsgttif a minimum wage by the North, then it
is outside thew-cone. In this case, the South produces the sadd gbefore and after the
setting of the North’s minimum wage, and its sgilemium remains unchanged. In the North,
the setting of the minimum wage creates unemploymen

If the South is inside the D-cone before this sgtvf the minimum wage and outside the
w-cone (Figure 5), then the South moves from a stmavhere it produced both goods to a
situation in which it produces good only, which lowers the southern skill premium.
Consequently, the setting of a minimum wage inNbeth reduces inequality in the South. In
the North, the rise in unemployment is intensifigdthe fact that the South only produces
goodl, which increases the sharetoih the North’s production.

5.2. Efficiency wagesin the HOS appr oach

The introduction of efficiency wages into HOS mdithgl was initiated by Agell and
Lundborg (1995). A number of works have subseqyeetitended this type of approach
(Albert & Merckl, 2001; Kreickemeier & Nelson, 2006; Kreickemeier, 200Bgger &
Kreickemeier, 2009). Most of these works are basethe fair wage hypothesis, i.e., the fact
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that employees adjust their working effort by compa their wage to a reference wage
considered as fair.

In this section, the analysis confines itself te thtroduction of the fair wage hypothesis
within the North into the NS-HOS model developed@attion 3.

The production functions of the North are modifisd as to account for the effort
provided by workers. These functions are néw= A ( E; x L-r)aj ( E *x H )Hj , Where
is the effort provided by workers of tyek = H,L, inj-industry,j = h,l.

Let us assume that the worker’s effrtlepends on the comparison between the worker’s

wagew and a reference wage* such thaE(w, w) =min{r7(w w),1}, with (i) 7(} being

continuous, twice derivable and monotonically isiag inw and decreasing iw*, and (i)
n(ws, w) =1 (thus E(w) =1, w= w*). Wagew* is considered as ‘fair’ by workers, i.e., they
provide the maximum effort when they are paid aste/*. We also assume that the reference
wagew* is in-between the highest and the lowest wagdéneiconomy. With homogenous
skilled and unskilled labour, this resultsw) <w <%\, . As a consequence, skilled workers

always provide the maximum effort 1 and the markat skilled labour is perfectly
competitive.

As usual in efficiency wage models, the firms carsantrol the workers’ efforts but they
know their effort function. Thus, firms maximisesthprofit 7= pY - w L- w, H subject to

the technologyy; = A ( Ew;)x IT)Hj ( H )Hj for industryj = h, |, and the effort function
E(w;) =n7(w;). This maximisation programme generates the usudbwS condition

wl_/fl/]\',\,L =1, which determines a unique efficiency wagg; that is the same in both

sectoré. If the efficiency wage is higher than the full gloyment wagew, =%%WH :
then this generates unemployment of the less dkille

Let us suppose now that, before North-South openrteg efficiency wage is at the
vicinity of the full employment wage in the NortBo, both skilled and unskilled workers are
fully employed. In the North, openness results thearease in the full employment wage of
unskilled workers that falls below the efficiencage. As firms enforce the latter, openness
comes with the unemployment of unskilled workerghie North.

Finally, openness can modify the reference wagés iBhparticularly the case (i) when
this wage depends negatively on unemployment, andiien it depends positively on the
wages during the previous periods. Then, by geingrainemployment openness diminishes
the reference wage, and this reduction is subsdlguseif-reinforcing. Openness is now both
inequality and unemployment enhancing.

6. Technological differences and technical change

One of the most controversial assumptions concgrtie NS-HOS model is that both
countries share identical technologies. This assiampcan be justified by the
internationalisation of firms within a world econgmn which physical capital and
technologies are (almost) perfectly mobile. Thusithrern firms can produce in the South
with northern technologies. Albeit so, there areesal reasons why a technological gap may

2 |n several models, the efficiency wage differsading to the sector because the effort functamesnot alike
in both sectors.
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persist between the North and the South: (i) thieiehcy of a technology increases with its

utilisation because of adaptation processes, affjistment of the workers, learning by doing
etc., (ii) firms productivity does not solely depgean the technology they use, but also on
their environment (access to communication meanalitg of available intermediate goods,

enforcement of the contracts and rules, socialpahidical risks etc.). Thus, the adjustment to
new imported technologies requires time and invests) which indicates that the resulting
increase in productivity is a dynamic process.

There are thus a number of reasons that keep preitjudower in the South than in the
North. In this section, we firstly examine the casevhich the South suffers a productivity
gap that is identical in both sectdnsand|. We subsequently explore the impacts (i) of
technological transfers from the North to the So(thof the South’s technological catching
up, and (iii) of a skill-oriented technological bia

6.1. A productivity gap identical in both sectors

The technological gap, identical in both sectorsnsists of differences in total factor
productivity (TFP). The country-specific technolegiareY, = A L“ H*“, j=h,l, in the

North andY; = AL H, i in the South withA> = x AN, 0<{ <1. The fact that the

depreciation factor{ is the same for both and| indicates that the productivity gap is
identical in both sectors.

The production function being homogenous of dedrabe southern technologies can be
written Y, = AL H Y = AVLY BT, with [ =¢L; <L, and H; =¢H,; <H, being
the northern-efficiency-equivalent unskilled andlsi labour utilised in the South. Thus, by
rewriting the production function in terms of nath-efficiency-equivalent labour, we can
come back to the usual NS-HOS model, and therelpyyafs main results. In particular,
factor price equalisation occurs for northern-eéincy-equivalent skilled and unskilled
labour, with the world skill premium in terms ofntieern efficient labour:

&, == 4L
a Hy+{Hg

(6)

Let W” and WLN be respectively the unit wages of skilled and ukesk labour in the

North, andw;; andw those in the South. FPE entails thg} andw" are the unit wages of
southern skilled and unskilled labour measure@ims of northern efficiency. Thus, one unit
of L=CL is paid W[‘ and one unit o =H is paidw)} , which results i andH being

paid w® =Zw" < wN andws =Jw) < w) in the South. As a consequence:

1) Both skilled and unskilled workers are better paithe North than in the South.

2) The skill premium is the same in the North andSbath and equal to the world value
given by Relation (6).

By assuming a technological gap that is identiecddoth sectors, the extension of the NS-
HOS model provides an explanation for the obsehigber wages in the North compared to
the South for both skilled and unskilled workenyl{sed fact 9). It however fails to explain
the lasting difference in skill premia between the areas with inequality being permanently
higher in the South (stylised fact 11). It must leeer be underlined that both stylised facts 9
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and 11 can be explained by combining a technolbgiap identical in both sectors with the
assumption that the countries are not both ingideéd-cone.

6.2. Technological caching-up

The productivity gap is identical in both sectaas (n Section 6.1.) but we now suppose that
this gap tends to shrink with time because the IStedrns how to utilise the technologies
imported from the North more efficiently. This isry simply modelled as an increasedn

that tends towards 1 and makes thereby the SolEPs tend towards the northern TFPs. As
Lg/Hg>L,/H,, this brings an increase in the world skill premiu

—a_ Ly+7L . —a_ Ly+
= 9w CLs it tends towards&y, =lza, Ly
a Hy+{Hg a  Hy+
is equivalent to an increase in the size of theltsou
Two cases can be distinguished:

1) If the South is inside the D-cone, technologaathing up raises the world equilibrium
skill premium, which results in growing inequality both the North and the South. At the
same time, the increase in the TFPs causes theagals to rise in the South and the increase
in the skill premium raises the relative prigg / p (and thus the North’s terms of trade),

which fosters the production bf

2) If the South is outside the D-cone, the incraasiéss TFPs causes it to produce more
goodsl, and the increase in the South’s real income hisedemand for bothandh. As (i)
the increase in the productionlaf larger than the increase in the demand fbecause the
South accounts for a limited share of this demaaa), (ii) there is an increase in the demand
for h by the South with goott being fully produced in the North, this resultsanarger
proportion ofl being produced in the South and a substitutiorh d6r | in the North’s
production. The related increase in the demandgKitled labour induces a rise in the North’s
skill premium and inequality.

S

. In fact, the increase igd

T i

S

The introduction of technological catching up rengcks the rise in inequality in the North
and it makes this rise into a dynamic process. ther North, the South’s catching up is
equivalent to the South growing in size. In the tBptechnological catching up increases
inequality if this area is inside the D-cone, ahdhas no impact upon inequality when the
South is outside.

6.3. Technological transfer

As already mentioned, North-South openness combangidthe internationalisation of firms
typically leads to technological transfers from tieehnologically advanced economy (the
North) to the technologically delayed economy (8®uth). In addition, there are several
reasons to assume that, prior to openness, nottibennologies had been more skill intensive
than southern technologies. A major reason for tduses from the differences in skill
endowments. Since the North is highly endowed skitled workers, the relative price of
skilled labour is lower there and R&D is thus oteshtowards skill intensive technologies
(Acemoglu, 1998). As a consequence, technolograakters from the North to the South do
not only result in an increase in total factor praiity in the South, but also in an upward
move in its skill intensities.

In the HOS approach developed here, a technologgsincrease in the southern skill
intensities is modelled by a downward move of tbefficientsa;, j = h,l, from the southern
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technology valuescrjS to the northern technology values}\' <ajs. Thus, North-South

openness makes the southern skill premium move fram = As, with

ds
ag = pay +(1- B, to:

1) We :\7\/\N:1_aN Aw With ay =galt +(@1-pB)a, if both countries are inside the
N
diversification cone, and
—aN _
2) \Tvs':1 Cl:' Ag if the South is outside the D-cone and producesetty good only
a,

|
with the northern technology.

In contrast with the traditional NS-HOS approaitiere is now room for an increase in
inequality (the skill premium) in the South. Thiscars in two cases:

ay + 1-a . L

Ny > wg= >, both countries being inside the D-cone for the

N as
northern technology. Here, the decrease in inetyudlie to A, <Ag is dominated by the
increase in inequality due to the rise in skilleimsity generated by the technological transfer
that makesﬂ shift to 1ay  17as :
as an as

N

1) if W=

11;' Ag>Wg= 1-as A , the South being outside the D-cone for the nonthe
a as

2) if W' =

technology. The condition for this " <ag = Ba +(1-B)a;’.

In both cases, the impact of openness upon indgualthe South crucially depends on
the strength of the increase in skill intensity dagechnological transfers from the North.
The South may experience higher or lower inequdkyending on the move in skill intensity
and, when both areas are in the D-cone, on therdifte of skill endowments between the
North and the South. This can provide an explanato the miscellaneous evidence
concerning the link between globalization and iraify in emerging countries.

6.4. Technological bias

The explanation of growing inequalities in the Nonas been dominated by the ‘North-South
trade versus technological bias’ debate (see thewearticle of Chusseau et al., 2008). There
are two types of technological bias. A factor bmslefined by a technological change that
increases the relative demand for skilled labéiit in all industries for a given skill
premium. With the Cobb-Douglas technologies setkbtere, it features of a decrease in both
a, and a;. A sector bias results from an increase in taatdr productivity (TFP) that is

higher in skill-intensive industries than in untdd-intensive ones. Here, it consists of an
increase inAy, / A . It can be shown that the condition forlanriented sector bias to increase

thg—) skill premium is that the elasticity of subgiibn in the demand for goods is higher than
1.

% A sector bias has two effects. On the one handwirs the relative price of god which entails a rise in the
relative demand for this good and thereby a rigiénrelative demand of the factor in whitks intensive, i.e. a
rise inH/L. On the other hand, the increase in TFP redueesléimand for factors and this reduction is more
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If both biases can explain the increase in the gk@imium, they obviously cannot account
for the aforementioned characteristics of globaiiza In contrast, they can easily be inserted
into the NS-HOS framework. In particular, introdugia factor bias in the NS-HOS typically
reinforces inequality and it provides an explanafiar the increase in the skill intensity in the
North (stylised fact 5).

In the simple model developed here, a sector baamat raise the skill premium and
inequality. This is because the chosen utility tiorcresults in the elasticity of substitution
being 1. In contrast, it can explain the decreasthé relative price of skill-intensive goods

a 1-a
(Relation 2)&:ia' l (1_67')_|
poA o™ 1-a,)
offset the increase in the skill premiumn
Finally, in contrast with the debate carried outtle nineties, both globalization and
technological bias should be combined rather thpposed so as to generate the main
characteristics of the observed changes in the déraad utilisation of skilled and unskilled
labour and in inequality.

of' " if the decrease iM / A, is large enough to

7. International outsourcing

One major observed characteristic of globalizat®that multinational firms tend to locate
their different stages of production accordingte tost advantage of each country (stylised
fact 3). In the economic literature, this charastar is calledinternational outsourcingor
offshoring(both terms being henceforth synonymous) andstdemerated a large number of
theoretical and empirical contributions.

The traditional HOS framework cannot portray suchaweour because it assumes no
segmentation of production. In this model, one ohigood is always fully produced in one
country. The introduction of intermediate goods IHOS frameworks is long-standing (Batra
& Casas, 1973; Dixit & Grossman 1982) and the explaccount of segmentation and
offshoring is exposed in Jones & Kierzkowski (199®Most of the works in this vein,
including Jones & Marjit (1992), Jones & Kierzkow$R000), Findlay & Jones (2000, 2001),
Jones, Kierzkowski & Leonard (2002), provide ratherbiguous findings since offshoring of
the labour intensive stage of production can gise to both lower or higher wage depending
on the considered configuration. This ambiguity amfoemed by the literature that inserts
segmentation into HOS general equilibrium modelegidorff, 1989a and b; Venables, 1999;
Markusen, 2005).

In this section, we do not review this literatuM/e only describe a very simple
segmentation-extended NS-HOS framework that gezerah increase in both the skill
premium and the skill intensities in the North.

7.1. Segmentation and international outsourcing: Definitions

A production process is segmented if it can bedddi into several segments that are
combined to produce the final good. A simpieegment production process can be modelled
by:

Y =G(x( Hy L) %(Hy L) X (Hy 1 1) (7)

substantial foH than forL because TFP augments more in sebtdrhis lowers the relative demaitiL. For
the first effect to dominate the second, the atagtof substitution between gootisandl must be higher than 1.
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where x (H,,L), i=1..n, is thei-th segment and functioKB(-) represents the way the

different segments are combined.

Of course, segmentation can take more complex foimswhich several levels of
segmentation can coexist and combine.

The segmented production process (7) can be repeelsby the integrated production
function F(H, L) if at the firm’s optimum:

G(X.L(Hli Li)’XZ(HZ Lz)y---,)f](Hn,Ln)): F(H,L), L:ZLi and H :zHi (8)
i=1 i=1

Most of the segmented production processes canaotepresented by an integrated
function. However, when function (7) consists ofCabb-Douglas combination of Cobb-
Douglas functions, it can be shown that this issfme. In the case of two segments, the

g\ _g\lv .
segmented processy = a( LY Hll “) ( LZ'B Hzl A ) can be represented by the integrated

production functionY = AL’ H° where L = L+L,, H=H,+H,, d=ya+(@Q-y)B and
a -a\V/ g\
(o @-ay) (a-p)B” a-B)*)
56(1_5)1—5 '
Finally, international outsourcingoffshoring occurs when the different segments of a

production process are located in different coestriThis location obviously depends on the
cost of producing, i.e., on the comparative advgeggaof each country

A=a

7.2. Segmentation in the NSSHOS model

From the above characteristics, it is possiblentmduce segmentation into the NS-HOS
model. For this, the model must be transformed feo2x 2x 2 into a 2x 2x 2x 2 framework,
i.e., 2 factors 2 segments2 goods<2 countries. A new stage of production is thus ddde
the initial model.

The two segments andl are combined to produce final goods in both sed¢toand!’ .

Segment is H-intensive, and segmehts L-intensive. Secton’ is h-intensive and sector
I" is l-intensive. With Cobb-Douglass technologies, thgnsntation-augmented NS-HOS
approach can thus be modelled by assuming thewioltp production functions (TFP is
omitted for the sake of simplicity):

- For the segmentsandl:

Y, = L™ H, % andY, = LT HTY, with a, > a, . 9)
- For the final goodk’ and!’:

Y= (0T OR)TT and Yy = (5,) ™ (%), with "> @y (10)

Y, being the quantity of intermediate gaoatilised for the production of the final gopd

This framework portrays the following production sago. TheH-intensive upstream
stage of production consists of segmén{with function Y, = " H,"") whereas the
downstream assembling stage consists of the cotdmnaf segmentl and the final
production function, i.e. functiol¥, = (L “ H )% (Y, )", i= h',I'. We also suppose that
segments are sector-specific, which means thag ter four segments but only two segment



21

production functions. Thus, each segment is accduotein the final good sector to which it
belongs.

By applying the features depicted in sub-sectidn the final goods production functions
corresponding to the firms’ optimum can be written:

Y= A(L)(H)™ (12)

Y, = Ah( Lh)r]( Hh')l_” (12)
with L, =Ly, + Ly, Hy =Hyp +Hy, Lo=4o+ Ly H =H+H L 7 =aa, '+ a,(1-a,),

(@ e @-a )" (@-a, Y @-a, Yo )"
n'@-n)"

1-a;

s=aa'+a,(l-a), A= and

(a'a”@-ay)" (@-a Y® @-a, }*)
o°(1-0)7°
i.e., goodh’ is logicallyH-intensive and gooli L-intensive.

. It can be easily verified thad>77,

To determine the wages (factor prices), the priédsal goods as well as the amount of
each factoH andL utilised for the production of each final gobd andl’, one can thus
disregard segmentation and directly calculate theilibrium from the final production
functions (11) and (12).

However, when the analysis is implemented in N&thth opennesd,,., H,., L. and

H,. are the factor utilised at the world level in fveductions of final goods, and we cannot

infer from these the amount of skilled and unsHillabour utilised by each sector in each
country, i.e., the skill intensities in sectérsand!’.

7.3. Factor intensities

Free and costless offshoring results in the spsat&dn of each country within the segment
for which it displays a comparative advantage. Thius usual results of the NS-HOS model
are valid for the production in each segment. Falg their relative endowments, the North
and the South are respectively specialised in setgheandl. In the North, openness causes
an increase the skill premium (inequality) and leacdecrease in skill intensities in both
segment$ andl.

In each country, each domestic segment is accodatad the sector it belongs to, and
thus each domestic factor is accounted for in dotos that utilises the domestic segment this
factor produces. Consequently, in each countrygetiwea clear difference between the factors
utilised in the production of final goods (thesetéas can be either domestic or imported) and
the utilisation of domestic factors in each sedibore precisely:

1) A final good is produced at the downstream stdye the production function

Y, =(LOHT)% (Y )%, i= k1Y, in which Y,; can be, either domestically produced, or
imported. Thus, the factors utilisation in the prcin of final goods in one country
comprises both the factors that are included inditvaestically produced segments and those
included in the imported part of segmefyt.

2) Part of the segmen,; produced in the North is exported to the Souths Thinot utilised

in the North for the final production of goods, lius accounted for in the North as belonging
to the sector =h',I"' by which it is utilised.



22

3) Thus, the final productior, = (L% H )% (Y. )" of goodi=h"l" in one country
utilises the domestic factods; and H; as well as all the factors, domestic and incorjeora
into imports, utilised for the upstream stage. In contrast, the utilisation of domestic factors

accounted for in sector=h',l' comprises all the factors incorporated in the dsiioe

production of the segments utilised in this sedtoese segment being either bought inside the
country or exported. The country factor intensityemch sectoi =h',|' is measured from

these utilisations of domestic factors.

Given that the factors (domestic and foreign) seii in the domestic production of a final
goods differ from the domestic factors utiliseceach sector at the world level, and since the
latter are those accounted for to measure therfatiensities of each sector in each country,
these factor intensities typically differ from thectoral factor intensities at the world level.
Thus, when North-South openness increases thepséithium in the North, factor intensities
at the world level fulfil the usual HOS predictiohlower skill intensities in each sector at the
world level compared to the North in autarky. Nelreless, factor intensities measured in the
North may not be higher in all sectors in openregsapared to autarky. Of course, if factor
endowments in the North remain unchanged, theretirgensities cannot increase in both
sectors (because full employment is still takingcpl). However, if skill endowment augments
in the North (stylised fact 8), then skill intens# may well increase in both sectors.

In the North, an increase in the skill premium nmoyv come with an increase in skill
intensities in both sectors (Stylised fact 5), jded that the North skill endowment increases
(stylised fact 8).

It can finally be noted that international outsongcas modelled here can explain the
controversial diagnosis that is made on the speata&dn of China in high skill-intensive
goods based on the growing exports of computer,nmomication and electronic goods. If
China is specialised in the assemblirgiritensive) stage of high skill-intensive goods
(computers), and if the skill intensity that isriiited to China is that of the total production
of theses goods, then this measure creates ts@ilof a new Chinese specialisation in high
skill intensive sectors. Krugman (2008) has undedithe error of making such a diagnosis.

In summary, inserting segmentation inside the NSSH@odel makes it possible (i) to
generate international outsourcing and (ii) to ewlge concomitant increases in the skill
premium and in skill intensities in all the finabaps sectors in the North when this area
experiences an upsurge of its skill endowment. Theselts are consistent with the stylised
facts 3 and 5.

8. Further extensions

We now explore certain additional extensions. Tlaseonly briefly and partially described
for a series of reasons. Firstly, such extensiomsthe introduction of human capital
accumulation into HOS models or the enlargementhef number of goods and factors
deserve full chapters in order for them to be ammly appraised. Secondly, certain
extensions would lead us far from the initial modetl their Heckscher-Ohlinian specificity
might be seen as controversial.

Four extensions are discussed. The first concemsnthoduction of factor dynamics in
the HOS framework, with special emphasis laid ufmman capital accumulation. The
second extension analyses the impact of skill upggaon the results determined in the
previous sections. Thirdly, the case of capitaltst@implementarity is briefly exposed. We
finally tackle the question of multiple numbersgufods and factors by focusing on the case
of a continuum of goods.
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8.1. Factor dynamicsin the HOS model

Since the original article of Onika & Uzawa (1968)o inserted capital dynamics within a
2x2x 2 HOS model, a large literature has explored theadhyos of factor endowments and
their impacts on trade, especially within overlaggpgeneration models (e.g.: Gale, 1971 and
1974; Buiter, 1981; Mountfort, 1998 etc. for mod&gh capital and labour). Within a
2% 2x 2 HOS model with capital formation depending on drGalynamics, multiple steady
states and different preferences (savings) betweetwo countries, Mountford (1998) shows
that openness can (i) produce a rise or a fathéwtorld income per capita at the steady state
and (i) make an economy with a low autarkic pepiteaGDP steady state to catch up and
overtake the GDP per capita of an economy withghdr autarkic per capita GDP steady
state. Centred on capital accumulation, these wapkear rather inadequate to portray North-
South trade based on differences in skill endowmerdtiman capital accumulation is the
appropriate means to introduce dynamics into theliNsouth HOS model.

Since Findlay & Kierzkowski (F&S) seminal articl&983), a number of works have
investigated the influence of openness upon skidlogvments (see the review of Falvey et al.,
2008). By introducing human capital accumulatiorthim a NS-HOS model, Findlay &
Kierzkowski (1983) show that openness enlargesskiledifferences between countries. As
openness increases the return to human capitdieinNbrth and reduces it in the South,
northern workers are encouraged, and southern worttscouraged, to invest in human
capital. This fosters human capital accumulatiorithi@ North, and lowers it in the South.
Within a similar framework, Borsook (1986) assundé$erent abilities among individuals
resulting in different lifetime earnings of skillethd unskilled workers at equilibrium. Then
openness boosts education in the North as in F&Hyars, but, in contrast with F&K, this
also increases inequality in the North. The F&K @wrsook findings are based on two
effects. TheStolper-Samuelson effaacreases inequality (the skill premium) throubh tise
in the relative price of the skill intensive gootihe Findley-Kierzkowski effecharrows
inequality by raising the supply of skilled labaarthe North, but it can also promote it by
lowering skill accumulation in the South. Falveyatt (2010) analyse the impacts of trade
liberalisation upon a small Northern economy withirHOS framework augmented by an
educational sector that utilises skilled laboudividuals with different abilities can choose to
get educated throughout their working lives. Theegpdpcuses on the transitional dynamics
generated by the imports of unskilled intensive dgoolrade liberalisation encourages the
younger and the more able unskilled workers to tmecskilled. Moreover, this move does
not take place at the same time for all individudipending on the age and on whether the
trade shock is anticipated or not. Finally, tradpamsion leads to both skill upgrading and
higher inequality.

Several theoretical works have come to the oppasitelusion that trade encourages the
convergence in human capital endowments (Cartig®®,7; Eicher 1999). This essentially
derives from the fact that skilled labour is theimfactor utilised in education. By increasing
the cost of education in the North and reducinghithe South, openness reduces human
capital accumulation in the North and fosters ittlve South. When the credit market is
imperfect, the negative (positive) effect in thertiqthe South) is amplified (Cartiglia, 1997).
Imperfection in the credit market is a key elemgnt number of analyses. For instance,
Ranjan (2001) come to the conclusion that traderdilisation can increase human capital
accumulation in both the North and the South wheditmarket imperfections are low in the
former and high in the latter. In Ranjan (2003%o0antry with a low-income autarkic steady
state that trades with another with a high-incoteady state can converge towards this high
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income steady state. This derives from the risééenvtage of unskilled workers that releases
the constraint upon human capital accumulation.

In summary, the theory provides rather ambiguousdiptions of the influence of
openness upon skill endowments and inequality th Hee North and the South. Four effects
with different impacts are at work. TH&tolper-Samuelson effeatidens inequality in the
North and reduces it in the South. THedley-Kierzkowski effedbsters education and skill
in the North and discourages them in the Southultieg in opposite impacts upon skill and
inequality at the world level. Theost of education effeceduces education in the North and
promotes education in the South, having therebyosipp impacts upon the world skill
endowment. Finallyimperfections on the credit markebunteract the Findley-Kierzkowski
effect by obstructing the openness-driven skill rapghg in the North and releasing the
constraint upon education in the South. The finat@me in terms of skill endowments and
inequality depends on the combination of these #ffiects and thus on their respective
weights.

8.2. Theimpact of skill upgrading

We now briefly explore the impact of skill upgragiopon the results determined in Sections
3-7, regardless of whether this increase resubi® fprivate decisions of households or from
pro-education public policies. The increase in skillowment can occur in the North, in the
South or in both countries at the same time.

When the skill endowment of the North increasess tbsults in lower inequality in the
North regardless of whether both countries procamé& goods or not. In addition, this also
decreases inequality in the South when both casproduce both goods.

When the southern skill endowment increases, tlaisows inequality in the South
regardless of whether both countries produce botdg or not, and it reduces inequality in
the North when both countries produce both goods.

Finally, when wage rigidities (minimum wage or eiiincy wage) lead to unemployment
of the unskilled in the North, skill upgrading ihet North reduces unemployment, and skill
upgrading in the South has the same impact ifusea the world skill premium to dip below
the value corresponding to the minimum or the edficy wage.

8.3. Capital skill complementarity

When physical capitaK is added as a third factor of production, thetnetademand for
skilled labourH/L can depend on the demand for, and the utilisadfprzapital. This is the
case when, following Griliches (1969) hypothesiserée is capital-skill complementarity
(henceforth CSC) in the production function. Theseelative CSC when capital is more
substitutable for unskilled than for skilled labotihere is absolute CSC if an increase in the
utilisation of capital comes with an increase ia thilisation of skilled labour.

Relative CSC corresponds to production functionshwvan elasticity of substitution
betweenK andL that is higher than the elasticity of substitutisetween K and H. In this
case, a decrease in the price of cagitatompared to both skilled and unskilled labour
increases the relative demadf. because the demand foidecreases more than the demand
for H.

Let us suppose now that the production of capstaegmented into two stages, i.e., one
skill intensive stage that produces high-tech camepts and an unskilled-intensive
assembling stage. International outsourcing sigmithat the latter stage is relocated to the
South where unskilled labour is significantly inergive. This corresponds to no factor price
equalisation between the North and the South. énNbrth, international outsourcing lowers
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the cost of capital goods compared to both skidled unskilled labour. With absolute CSC,
the absolute demand fét increases, and thus the relative demBifid With relative CSC,
there is a decrease in both demands for bo#ndL, but the relative demartd/L increases.
In both cases, the rise L pushes the skill premium up.

Thus, the combination of CSC with international outsing of the assembling stage of
capital goods reinforces the Stolper-Samuelsorceffethe North by fostering the demand
for skilled labour.

In the South, CSC can also encourage inequalitpp&se that North-South openness
results in the South adopting more capital-intemstechnologies, particularly for the
production of components exported to the North. THeSC brings about an increasing
demand for skilled labour and a rise in the skitmpium. This mechanism has been
underlined by Cragg & Epelbaum (1996) for Mexico d@ehrman et al. (2000) for Latin
America.

8.4. The NS-HOS modél with a continuum of goods

In its traditional presentation, the NS-HOS frameéwassumes two goods and two factors.
Increasing the number of goods and/or factors cdostantially modify the outcomes. By
adding capital to skilled and unskilled labour, C8l@ady extends the number of factors.
Here, the analysis is restricted to NS-HOS appresgtith a continuum of goods.

Following the seminal article of Dornbush, FisherS&amuelson (1980), a number of
works have explored the impacts of extending theSHf@bdel by assuming a continuum of
goods (see, e.g.: Xu, 1993; Zhu, 2001 and 2004mdke, 2004; Xiang, 2007; Hellier &
Chusseau, 2010). As regards growing inequality betwskilled and unskilled workers, the
NS-HOS approach with a continuum of goods prov&mseral paths through which the skill
premium can augment:

1. When new skill-intensive goods are created anndycred in the North, this raises the
relative demand for skilled labour and therebygkid premium. This mechanism was firstly
modelled by Zhu (2001) within a NS-HOS frameworkthwiog-linear preferences. It has
subsequently been extended by Xiang (2007) wheh@yvs that even unskilled intensive new
northern goods can raise the northern skill premiamd (ii) explores the case of CES
preferences.

2. When the size of the South increases, this preduces a growing number of more
skill-intensive goods. This raises the skill premiin both the South and the North. This
mechanism is at the base of the Hellier & Chus¢2810) model showing that the growing
size of the South creates an inequality-unemploymeade-off that is more intense in
inequality-oriented northern countries than in digqgariented ones. We now expose a
simple diagrammatic presentation that makes itiplesto synthesize this mechanism.

0 S o n 1

& AL AL o

Goods produced Goods produced by the North
by the South

Figure 6. NSSHOS framework with a continuum of goods
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We assume a NS-HOS model with a continuum of goves interval[O,n] , N<1, with
good i O[0,n] being produced according to the Cobb-Douglas telclgy Y, =(L-,)1_i (H )i .

The utility function is u:J';Iog xdx so that each good has the same weight in the

households’ expenditure. We finally suppose thatdbuntries endowments are sufficiently
different so that, at full employment, the Soutlduces goodio,s] and the North goods

[s, n]. Goods is thus the only one produced by both countrigguré 6 depicts this general

framework.
Let us firstly suppose that the North creates neadg, i.e., an increase imand thereby

in the set of good{sO,n] . Since the new goods are the most skill intenghwey are produced

in the North and, for given labour endowments ahlihe North and the South, the increase
in n results in an increase & A shift fromn to n'>n entails a shift o6 to s'> s, making

the following changes in the production sets: frpdps| to [0,s] for the South and from

[s,n] to[s',n] for the North. In both countries, production exgeces an upward move on

the skill intensity ladder, resulting in higher dema for skilled labour and an increase in the
skill premium (inequality). In addition, the risa the demand for skilled labour and the

related increase in the skill premium are typicdligher in the North than in the South. This

is because the rise in skill intensity solely consethe upper side of the production set in the
South (the upper limit moves fromto s’), whereas it affects both the lower and the upper
sides of the production sets in the North.

Let us assume now that the number of gaodsconstant and that globalisation results in
a growing size of the South, causing threstsdlal move to the left (Figure 6). In this case:

1. The southern production becomes more skill sitenbecause it corners more skill
intensive goods, which raises the skill premium enedjuality in the South.

2. The northern production becomes more skill isiten because it loses its less skill
intensive goods, which raises the skill premium exaedjuality in the North.

3. If the North prevents the increase in inequalitiye skill premium), this causes
unemployment of the less skilled. Thus, the indreassize of the South generates an
inequality unemployment trade-off.

4. In addition, if there are several northern caestwith different skill premia, Hellier &
Chusseau (2010) have shown that the more egafitati@ country at the outset of
globalisation, the lower the intensity of the inafity unemployment trade-off.

In summary, when assuming a continuum of goodsinvitie NS-HOS model, both the
creation of new skill intensive goods and the graysize of the South increase inequality in
both the North and the South. There is howeverffardnce between the two explanations
when the North comprises several countries witled#ht skill premia (e.g., based on
different labour market institutions), and thusfetiént orientation towards inequality. In the
case of the growing size of the South (increase with n remaining unchanged), the more
egalitarian a northern country, the more affectdd by the inequality-unemployment trade-
off. This is because inequality-oriented countn@gst change their specialisation more than
egalitarian ones. It can be shown that a creatfomew skill-intensive goods (increase rin
with s constant) produces the opposite impact: it affeotsre the egalitarian northern
countries than the inequality-oriented ones bec#use the change in specialisation is more
intense in the former than in the latter.
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9. General assessment and conclusion

From the initial diagnosis that the predictionglod traditional NS-HOS model are to a large
extent at variance with observed developments,ntwidel has been modified and extended in
several ways:

1) By assuming a growing size of the South andelaifferences in factor endowments so
that both countries are not inside the diversifaratone;

2) By assuming rigidities on the labour marketshsas a minimum wage and efficiency
wages;

3) By inserting several types of technological eliénces between the North and the
South, technological catching-up and technoloditases;

4) By introducing segmentation and internationakourcing.

Table 4 relates each extension to the highlightglised facts. Each extension discards
one or several initially diagnosed contradictioard their combination renders the model
compatible with all the stylised facts listed incBen 2. In addition, several extensions result
in ambiguous impacts in terms of certain obsenasdsf because they can generate them or
not depending on the configuration, which is inticaby ‘yes/no’ in the table.

Logically, the different types of extension are pied to different shortcomings of the
traditional NS-HOS approach. Introducing the D-canekes it possible to generate full
specialisation in production. Labour market rigebt generate unemployment and the
inequality-unemployment trade-off. The introductiof technological change permits to
account for changes in prices and in factor denasnadutilisation.

The crucial role of technology to bring the NS-H@®&mnework closer to the stylised fact
must be underlined. Firstly, technology acts thiowsgveral channels: technological gaps
between the North and the South, technologicalsteas, productivity catching-up and
technological biases. Secondly, it allows accounfor several significant developments in
terms of factor and commodity prices and factor aedhand utilisation.

The analysis presented here shows that the NS-IFD&vork remain an essential tool to
model the observed developments of globalizatiod emequality under the condition of
modifications and extensions that correct its nsosiplifying and controversial assumptions.
This does not mean that globalizationthe essential explanation of these changes. It must
rather be understood as emphasizing that the catidwin of, and interactions between,
globalisation, institutional changes and technalabiprogress is the most fruitful way to
analyse the globalization-inequality relationship.
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Table 4. The extensions of the NSSHOS model facing Stylised facts

Stylised facts Initial Outside Mini- !Effi- Tech. Pr'O(_juc- Factor Sector
NS the mum ciency | gap alike | Tech. tivity techno- | techno- | Segment
HOS D-cone wage wage | inboth | transfer | catching- logical logical ation
modéel sectors up bias bias
1. The South is specialized in unskilled
intensive goods and the North in skill- yes yes yes yes yes yes yes n.r n.r yes
intensive goods
2. International outsourcing n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. yes
3. Increase in the skill intensity in all
industries in both the North and the no no no no no yes no yes no yes
South.
4. FDIs from the North to the South n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. yes
\EISV.OIH((:g;asaisnetlhneul\rl]grrphployment of unskilled o no yes yes no no no no no no
6. The wage gap between the North and but
the South remains substantial for no no no no yes yes/no t yes bu nr nr no
. . ransitional
unskilled as well as for skilled workers
gh?;LZﬁfy(; :2 mg SNkcl)IrItE remiim yes yes yes/no yes/no|  yes yes yes yes yes yes
8. The skill premium remains higher in no yes yes/no yes/no no no no n.r. n.r no
the South than in the North
9. No_tendenc_:y tc_)wards international skjll no yes yes/no yes/no no no no nr. nr. no
premia equalisation
tlhoé stftﬁcrease in the skill premium in no no no no no yes yes/no n.r. n.r. no
11. No decrease in the prices of the skill-
intensive goods relative to the unskilled| no no no no no no no yes/no yes no

intensive ones in the North
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APPENDI X. Determination of the skill premium and employment

To simplify, the subscript indicating the countsyamitted.
Because of the utility function, the total demaadif(Y,*) andh (Y) are pY® = 81 and

p. Y =(@-B)1, with | =w,_L+w, H being the country’s total income.
Equalising supplyY;®> andY;’) and demand on both markets yields:
PY® = B(w L+w, H) (A5)
thhS = (1_ 18)(WLL Wy H) (A6)
Because of the production functions, the demandsirigkilled labour in both sectors at

the firms’ optimum arel, =a;nY®/ w and L, =a,p,Ys/ W, and thereby at the country’s
level:

L=L+L =anY/w+a, pY/ W (A7)
Inserting (A5) and (A6) into (A7) vields =(Ba, +(1-B)a, )w, ™ (w L+ w, H). Hence
w=h :k—aﬁ, with a = Ba, —(1- B)a, . The full employment skill premium is thus:
a
L
p=l"2L (A8)
a H

Finally, the demand for unskilled workers resultingm any w< & and full employment
of the skilled is:

L=——aH <L (A9)

Relations (A8) and (A9) apply for each country lgein autarky as well as at the world
level when both the North and the South are ingidediversification cone. Consequently The

world full employment skill premium iy, =1_7aﬁi, with H,, =H,+Hg andL, =L, +Ls.

W
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