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Capital, Heterogeneous Labour, Global Goods Markets and
Unemployment

Abstract

A two country model of trade between a flexiwage and a minimum wage economy or

two mmjmum wage economies is developed. The main novelty is that there are three

factors of production: capital, skilled and unskilled labour. This unlocks the terms of

trade. Unskilled labour is subject to the same or different minimum wages in one or both

countries. The trading pattern of the two countries is explained in terms of differences

in various factor intensities, endowments with the two fully employed factors (capital

and skilled labour) and the binding minimum w a g e rates. Free trade may reduce the

wage of the unskilled workers in the flexiwage economy and lower the unemployment in

the minimum wage economy. This follows because unemployment may be a source of

competitive advantage due to the income effect. If the two countries differ only in terms

of factor endowments (but operate the same minimum wage) free trade moves the two

countries towards an equalisation of unemployment.



1 Introduction

Many economists would argue that one of the main obstacles to further trade liberalisa-

tion is the regulation of national labour markets in many (especially European) countries.

Most often this regulation assumes the form of setting minimum wage rates for unskilled

workers. As is well known, binding minimum wage rates for unskilled workers are widely

regarded as one of the main "causes" of involuntary unemployment in closed and open

economies.

' Will international trade exacerbate unemployment of unskilled workers? This is

surely one of the key issues in any discussions of further trade liberalisation. A very

popular view is that it is obvious that by setting too high minimum wage rates the

economy becomes uncompetitive. The unskilled workers price themselves out of world
t

markets. Furthermore the too high minimum wage rates in the home country benefit

foreign unskilled workers because of a diversion of demand from domestic towards foreign

unskilled labour. The wage rates of the foreign unskilled workers are bound to rise and

so will unemployment in the home country.

The preceding popular argument about the effects of minimum wage rates in open

economies was made precise for the first time in two elegant papers by Davis [see Davis

(1998a) and (1998b)].
i

Davis proved in a benchmark model that if two countries which are identical (except

that one does and the other does not impose minimum wage rates for unskilled workers)

start trading there is not only rising unemployment of the unskilled workers in the

country with binding minimum wage rates but also a rise in the wage of the foreign

unskilled workers.



Davis (op. cit.) also showed that whilst the former result (the rising unemployment)

may not hold in economies which also differ in regard to factor endowments the latter

result (the rise in the foreign wage) is very robust.

Making use of the classical work by Brecher [see Brecher (1974a) and (1974b)] Davis

has unearthed an important effect of free international trade on unemployment and wage

rates. The fact that this effect captures effectively popular opinion makes it all the more

topical and relevant.

My first aim in this paper is to develop a novel Heckscher-Ohlin modelling framework

taking into account the existence of binding minimum wage rates in at least one of the

trading countries allowing for heterogeneous labour as well as capital. There

are three factors of production: capital, skilled and unskilled labour. Only the latter

is subject to a binding minimum wage. The model is based upon extensions of the

classical work by Brecher (op. cit.) in Schweinberger (1978) and Neary (1985). The other

standard assumptions of traditional Heckscher-Ohlin model such as identical production

functions and preferences are retained.

Allowing for capital as well as heterogeneous labour seems important for two main

reasons. Firstly, it should make the model and the results more acceptable to economists

who are not trade theorists and secondly (and more importantly) it leads to several

rather drastic changes in the results. The latter are mainly due to the fact that allowing

for three factors of production (one of which is subject to a minimum wage) and two

produced goods "unlocks" the terms of trade. In a model without capital [as in Davis

(op.cit.)], a binding minimum wage and diversification in production imply that both

countries trade (in the free trade equilibrium) at the autarkic prices of the minimum

wage economy.



Unlocking the terms of trade opens up many possibilities but, as will be shown,

one can still derive a number of sharp results. Let, for example, trading patterns be

determined more by minimum wage rates. Then it follows that the commencement of

international trade between the minimum wage and the flexiwage economies may well

imply an increase in the employment of the unskilled in the minimum wage economy

and a fall in the wage of the unskilled workers in the flexiwage economy (if the minimum

wage economy exports the good which is intensive in the use of unskilled labour).

This surprising result highlights one of the main contributions of the paper: the

importance of income effects brought about by the existence of unemployment. The

very existence of unemployment may be a source of competitive advantage due to lower

income and therefore lower demand for the good which is intensive in the use of the

unemployed factor (unskilled labour).

All the results are also relevant to the wage-gap debate1. In my view it would appear

imperative to take into account trade liberalisation not only between advanced and low

wage countries but also between countries which do and others which do not impose

minimum wage rates for unskilled workers.

The trade liberalisation between Europe and the USA may well have contributed to

lowering unemployment in Europe and falling wages of the unskilled workers in the USA.

On the other hand, the increased trade between Europe and the Asian tiger countries _

may have increased unemployment in Europe and raised the wages of the unskilled

workers in Asia. The model put forward in this paper can explain both these possible

scenarios in terms of differences in national labour market policies, various patterns of

'There is a huge literature on the wage gap debate. It has recently been reviewed in Davis (op. cit.)
and Aghion P. et alii (1999). One of the best known articles is Freeman (1995), see also Atkinson (2000)
and Wood (1994).



factor intensities of the two goods (taking into account the three factors) and factor

endowment differences.

Introducing capital as a third factor also opens up a new perspective on the rela-

tionship between skilled and unskilled labour. Both skilled and unskilled labour may

gain or both may loose from free international trade. If, for example, the minimum wage

economy has a price advantage in the good which makes intensive use of unskilled labour

and this good is intensive in skilled labour relative to capital both unskilled and skilled

labour gain from free international trade.

Another major result concerns the effect of free international trade-en unemployment

if both countries differ in terms of the endowments with capital and skilled labour but

impose the same (binding) minimum wage for unskilled labour. Contrary to popular

opinion, the unemployment will rise (fall) in the country with the lower (higher) unem-

ployment in the autartic equilibrium as a result of free international trade. This result

seems to be particulary relevant to trade between European countries belonging to the

European union.

The paper is structured as follows: The basic analytical techniques emphasizing the

antiprotective effect of binding minimum wage rates on industries and firms are set out

in the following part two. In part three a benchmark model is analysed. In this case

the two countries are identical except that one imposes a binding minimum wage on

unskilled labour. The effect of differences in the endowments with the fully employed

factors on trading patterns in minimum wage economies is the main focus of part four.

Part five combines the analyses of parts three and four. Precise conditions under which

factor endowment differences reinforce or counteract the trading patterns implied by

different national labour market policies are derived and interpreted.



2 The antiprotective effect of minimum wage rates and
the relationship between fix and flexiwage economies

The following key assumptions are taken to hold throughout parts two and three unless

stated otherwise.

1. Two goods are produced by means of three factors of production: capital, skilled

and unskilled labour. There exists a binding minimum wage for unskilled workers

in (at least) one of the two trading countries. The binding minimum wage is

exogenous.

2. There is perfect competition in all goods and factor markets. Production functions

are constant returns to scale and strictly quasiconcave in all inputs.

3. Preferences are homothetic or quasihomothetic and identical for all households.

4. Good two is chosen as the numeraire. The minimum wage is therefore fixed in

terms of good two.

5. Both goods are internationally tradable. There are no nontraded goods.

I shall make use of the following notation:

Xj and x*j(j = 1,2) = outputs of goods one and two in the home and foreign
4

countries respectively

L,LS,K = the endowments with unskilled labour, skilled labour

and capital of the home country

N = the employment of unskilled labour in the home coun-

try

Pi and p2 = the prices of the two goods

6



w,ws,r = the wage of unskilled and skilled labour respectively

and the rental of capital

ci and C2 = the consumption of goods one and two

OATI and a^2 = the amount of unskilled labour required per unit out-

put of goods one and two respectively

As is well known from the received literature, see Schweinberger (1978) and Neary

(1985), the distortion brought about by the existence of a binding minimum wage for

unskilled labour may be defined as follows. The production agents choose outputs so that

only the value added by the fully employed factors (instead of all factors) is maximised.

Algebraically, outputs and the employment of unskilled labour is determined from:
i

Program A:

max : p\X\ +P2X2 — wN
Zl,X2,JV

subject to: <j(si, X2; N; L5, K) < 0

xux2,N > 0

This entails that the standard production possibility locus in the output space alone

is no longer relevant for the determination of the equilibrium outputs. Instead an ap-

propriately defined locus in the space of outputs and employment of unskilled labour

becomes relevant [see again Schweinberger (op. cit.) and Neary (op. cit.)].

To make the role of the antiprotective effect of minimum wage rates as transparent

as possible it is convenient to assume that the input coefficients a^\ and 0^2 are fixed.

As we shall see in a moment, this assumption enables us to make use of concepts of the



theory of effective protection [see e. g. Corden (1971)]2.

Assumption 6:

The input coefficients of unskilled labour â n and <tjv2 are fixed.

If a/vi and 0̂ 2 are fixed it is straightforward to show that program A may be

rewritten as the following program B.

Program B

max : (pi - arfiw)xi +(p2
X1.Z2

subject to : g(xi,X2,LS,K) <0

X\,X2 >0

where: g(xi,X2;Ls,K) = g(xi,x2;N;L3,K)

and N = CLNIXI + 0,^2X2

It is easy to show that the convexity of the reduced form transformation set g(-) < 0

in the space of xi and 12 is implied by the convexity of the unreduced transformation

set g(-) < 0 in xl5 X2 and N."

The symbols v\ and V2 stand for the values added by the fully employed factors in
i

the production of goods one and two respectively; the symbol II for the total value added

by the fully employed factors. Clearly, vi and V2 could be interpreted as effective prices,

see again Corden (op. cit.), to highlight the isomorphism with the theory of effective

protection. The percentage changes in v\ and V2 brought about by changes in the prices
2This assumption is not as unrealistic as it may appear. Skilled labour is generally considered to be

much more flexible than unskilled labour, see e.g. Aghion P. et alii (1999).



of the two goods and/or the minimum wage (to) could be referred to as effective rates

of protection. Ceteris paribus an increase in w implies an antiprotective effect.

My next aim is to prove that in an economy which does not impose a binding mini-

mum wage for unskilled workers Program B may still be used to determine the output

(and employment) effects of changes in the goods prices pi and P2 and the wage of the

unskilled workers. In such an economy all three factors are fully employed and the wage

of the unskilled workers is endogenous. To this end consider the market equilibrium

conditions for the fully employed factors:

aKi(-)xi + aK2(-)x2 = K (1)

aLi(-)xi+aL2(-)x2 = V (2)

where: aKj = aKj{r,ws), j = 1,2

= aLj(r,ws), j = l,2

denote the input coefficients of capital and skilled labour per unit output of goods one

and two respectively3.

Differentiating totally (1) and (2) and multiplying the two equations by r and ws

respectively, one obtains after addition (having made use of the conditions of cost min-

imisation: rdaKi + wsdan = 0 and rdaK2 + v)sdau2 = 0) the following expression:

{a-icir + aLiws)dxi + ( a ^ r + aL2WS)dx2 = 0 (3)

Considering the zero profitability conditions:
3Note that the input coefficients whilst flexible do not depend upon the wage of unskilled workers.

This follows because of the assumption that there is no substitution between unskilled and skilled labour
or capital.



+ anws + aNlw = pi (4)

S = P2 (5)

one arrives at:

v\dx\ + V2<ix2 = 0 (6)

w^here:

ui = pi — amw (7)

"2 = P2-aN2w (8)

Expression^ (6) shows that the outputs are again chosen by production agents so

that the total value added by capital and skilled labour is maximised subject to the

transformation locus defined by equations (1) and (2).

The wage of unskilled labour is now determined from the following market equilib-

rium condition for unskilled labour:

The functions xi(-) and X2O denote the supply functions of goods one and two

respectively. They exist if the reduced form production possibility set g(-) < 0 is weakly

bowed out. This is the case if:

0-K\0-L2 — O.K2O-LX 7̂  0 .

Having solved expression (9) for w, it is straightforward to determine the equilibrium

outputs of the two goods.
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To prove the isomorphism between an economy subject to a binding minimum wage

(given the stated assumptions) and a flexiwage (full employment) economy, I totally

differentiate equation (9) with respect to w. This yields:

dx\ di2
I -Q^dw + °AT2 -g—dw = 0 (10)

Equation (10) may be rewritten as:

d = 0 (11)

Substituting (11) into:

(pi - aN\w)dxi + (p2 - aN2w)dx2 = 0 (12)

(see Program B) one readily obtains:

0 (13)

Equation (13) is the standard result of a full employment economy: outputs are

chosen so that the value added by all factors of production is maximised (at the given

goods prices). The results are now formalised in the following LEMMA.

LEMMA:

Let assumptions (1) to (6) be satisfied. Then the equilibrium outputs of goods one and

two are determined from the constrained optimisation program in an economy with a

binding minimum wage, see Program B. Now let all three factors be fully employed; i.e.:

the wage of the unskilled workers is fully flexible. It is determined by equation (9).Then

the equilibrium outputs of goods one and two are still determined from Program B

having solved the market equilibrium condition for unskilled labour [see expression (9)]

for the full employment wage of unskilled labour.

11



It will be shown that this LEMMA is extremely useful for our purposes. It enables us

to relate directly economies which are subject to binding minimum wage rates (as many

countries in Europe) to countries with flexible wages and (almost) full employment such

as the USA4.

3 The determination of trading patterns and
unemployment

There seems to be general agreement among trade theorists that the regulation in na-

, tional labour markets could play as important a role in the determination of trading

patterns as differences in factor endowments and differences in technology. As men-

tioned in the Introduction the same applies to popular arguments in the media. To

ensure tractability of the analysis I now make the following Assumption 7.

t

Assumption 7:

The production functions for all goods are identical in both countries.

Assumption 7 may or may not imply factor price equalisation. It definitely does if

there are only two factors of production: skilled and unskilled labour and there are no

factor intensity reversals. This is not the case in a model with two goods and three

factors of production (as developed in part two) unless by coincidence.

i

To make the analysis and its results as transparent as possible, I assume first that

the two trading economies are completely identical except that one does and the other

does not regulate the market for unskilled labour by enforcing a minimum wage. The

main question which I wish to put to this model is whether a commencement of trade
4It should be noted that the results stated in the Lemma may be regarded as applications of funda-

mental optimisation theorems in perfectly competitive economies, see e.g. Woodland (1982).

12



between the two countries can explain the rising unemployment in the minimum wage

economy (Europe) and/or the (almost) simultaneous immiserisation of unskilled workers

in the USA. Needless to emphasize the observation of rising unemployment in Europe

(possibly due to increased trade between Europe and the USA) and the decline in the

relative real wages of the unskilled workers in the USA is right at the heart of the wage

gap debate. Furthermore it should be noted that the model of the USA may readily be

reinterpreted as referring to any country with flexible wages and full employment (such

as until recently the Asian tiger countries).

In order to determine the autarkic equilibrium values of px and w one needs two

equations: (14) and (15).

xi(-) = c1[pi,l;pix1(-)+p2x2(-)] or

ei(-) = x 1 ( - ) - c 1 ( - )=0 (14)

Equation (14) represent the autarkic market equilibrium condition for good 1 in Europe

and the USA. Equation (9) is restated here for convenience:

+ ajv2X2(-) = L (15)

where: x t = xi(pi - ayviiu,P2 - a^2w;K, Ls)

X2 = X2(pi - ajvito,P2 - aff2w; K, Ls)

ci = ci(-) = the uncompensated demand function for

good 1 in the home and foreign countries

Equations (14) and (15) stand for the autarkic equilibrium conditions for Europe

and the USA for good 1 and unskilled labour. Equations (14) and (15) can be solved

13



for pi and w keeping K and L fixed but for a lower value of L in the minimum wage

economy. The latter is taken to be the home country (Europe).

Many of the following results hinge on the following factor intensity condition.

Good 1(2) is said to intensive in the use of unskilled labour relative to good 2(1) if and

only if:

ajvi > ajv2 (am >

dNlW
where: awi = and am =

P
m

Pi P2

It is very straightforward to show that if dw > 0 and dpi = dp2 = 0 then:

< 0 and dv2/v2 < 0

and ajvi ^ am «=*• dv2/v2 ^ dvi/vi (16)

I first assume that good two (the numeraire good) is intensive in the use of unskilled

labour. As will be shown, in this case it is relatively straightforward to generalize the key

result obtained by Davis[in Davis (op. cit.)]; namely that the commencement of interna-

tional trade between the minimum wage economy (Europe) and the flexiwage economy

(USA) increases the wage of the unskilled in the USA and also raises unemployment in

Europe. Consider Figure 1 on page 15.

Since good two is intensive in the use of unskilled labour it can be shown that the
4

loci determined by equations (14) and (15) must (both) be downward sloping. Taking

the schedule ei first, note that a fall in p\ (keeping w fixed), entails an excess demand

for good one. To reestablish the equilibrium in the market for good one the wage of

unskilled labour has to rise (for given pi) because this implies a fall in the output of

good two and an increase in the output of good one [see expression (16)].

14



Figure 1:

The locus L = N is negatively sloped because a fall in pL (given w) increases the

demand for unskilled labour if good two is intensive in the use of unskilled labour. A

ceteris paribus fall in p\ entails a fall in the output of good one and a rise in the output

of good two. To reestablish the equilibrium in the market for unskilled labour the wage

w has to rise.

In drawing Figures 1 and 2 I have also assumed that both markets are stable. To

be precise, I have assumed that "own effects always dominate cross effects". This means

that a change in p\ (for given w) always has a bigger effect on the market for good one

than on the market for unskilled labour. Something completely analogous holds for the

effects of changes in w on the market for unskilled labour and the market for good one.

15



The schedules shown on Figure 1 correspond to the two countries. The foreign

country (the flexible wage economy) is denoted by the superscript 0, the home country

by the superscript 1.

The autarkic equilibrium values of w and pi in the foreign country are shown by

the point A. The corresponding values for the home country by B. The two countries

differ in terms of the employment of unskilled labour. The binding minimum wage in the

home country brings about a lower level of employment of unskilled labour in the home

country in the autarkic equilibrium. As shown in part two this employment effect may

be analysed in terms of a lower endowment with unskilled labour in the home country.

This lower endowment with unskilled labour in the home country implies that the

L = N schedule for the home country must lie to the right of L = N schedule for the

foreign country.

The lower value for L in the home country also implies that the e\ = 0 schedule for

the home country must lie below the corresponding schedule for the foreign country. This

follows because a lower value of L entails, for given pi and to, that there is an excess

supply of good one. Therefore p\ must fall to reestablish the equilibrium (keeping w

fixed). Note that the changes in w on the schedule e\ = 0 must be such that equilibrium

in the market for unskilled labour is preserved, i.e.: for small changes in w, one must

have: pidxi 4- P2<*X2 = 0. The following Proposition I follows from Figure 1.

PROPOSITION I:

Assume that two countries are identical except that one operates a binding minimum

wage for unskilled labour and the other does not and that good two (the numeraire

good) is intensive in the use unskilled labour (see expression (18)) and that the markets

16



for good one and unskilled labour are stable (in the sense described above). Then:

(a) the minimum wage economy has a lower price for good one in the autarkic equi-

librium;

(b) the commencement of international trade implies an improvement of the wage of

the unskilled workers in the flexiwage economy (the USA) and a rise in unemploy-

ment in the home country (Europe), the minimum wage economy.

Proof: Part (a) of the proposition follows directly from the Figure. Part (b) follows

because a rise in pi in the home country implies for the given minimum wage wB that

the schedule L = N must shift to the right even further. Note that the equilibrium

schedule e\ = 0 is no longer relevant once trade occurs. The wage of unskilled labour

in the USA (the flexiwage economy) clearly must rise after the commencement of trade

because pi must fall and the economy moves along the schedule L° = JV°. Q.E.D.

Proposition I generalises one of the main results obtained by Davis in op. cit. to

minimum wage economies with heterogeneous labour and capital. Actually as is obvious

from Figure 1 Proposition I can readily be reinterpreted in terms of two minimum wage

economies trading with each other (the one with the higher minimum wage experiences

more unemployment than the other).

I now turn to the case where the nonnumeraire good, namely good one, is intensive

in the use of unskilled labour.

A reasoning analogous to the one underlying Figure 1 leads to Figure 2

Figure 2 has been drawn so that the home country (Europe) has a lower autarkic

price of good one. But this is not necessarily the case. Assume first that the home

17



w

country actually has a lower price of good one in the autarkic equilibrium. Then it

follows from Figure 2 that the commencement of trade between the two countries lowers

the wage of unskilled labour in the flexiwage economy (USA) and increases employment

of the unskilled workers in Europe. This is a very interesting result because it is coun-

terintuitive. Note especially it does not depend upon assumed differences in the factor

i

endowments of the two countries

If, on the other hand, the autarkic equilibrium price in the home country of good one

is higher in the minimum wage economy (Europe) it follows at once that even though

good one is intensive in the use of unskilled labour (and not good two as on Figure 1)

the effect of international trade is the same as on Figure 1: the wage of the unskilled

18



workers rises in the flexiwage economy and employment in the minimum wage economy

falls (and unemployment rises). These results are now formalised as Proposition II.

PROPOSITION II:

Assume that the two countries are identical except that one operates a binding minimum

wage for unskilled labour and the other does not. Further assume that good one (the

nonnumeraire good) is intensive in the use of unskilled labour and that the markets

for good one and unskilled labour are stable (in the sense explained above). Then the

commencement of trade implies that:

(a) the wage of the unskilled workers rises in the flexiwage economy and employment

of the unskilled workers falls in the minimum wage economy if the minimum wage

economy has a higher autarkic equilibrium price for good one.

(b) the wage of the unskilled workers falls in the flexiwage economy and employment

of the unskilled workers rises in the minimum wage economy if the minimum wage

economy has a lower autarkic equilibrium price for good one.

(c) the autarkic price of good one is higher in the minimum wage economy if the wage

and employment differences between the two economies are "very small" and there

are no inferior goods.

i

(d) the autarkic price of good one may be lower in the minimum wage economy if the

differences between the two economies with regard to employment and the wage

(of the unskilled) are large.

19



Proof: See Appendix A.

A useful corollary follows from Propositions I and II.

COROLLARY:

Assume two identical economies as described in Propositions I and II. Then the com-

mencement of international trade is necessarily conflict generating between the owners

of unskilled labour in the flexiwage and minimum wage economies.

The Corollary follows directly from Propositions I and II. It is noteworthy because

it formalises the intuitive conclusion that in the economies described above the owners

of unskilled labour in one of the two countries must lose from international trade and

therefore will oppose it. Most importantly, the analysis shows that the losers may not

be the unskilled workers in the country which operates the minimum wage policy.

This apparently paradoxical result may arise because the demand for good 1 in

the country with the minimum wage is lower because income is lower in this country.

The latter is due to the possibly high level of unemployment amongst the unskilled

workers. What is interesting and novel about this result is that a binding

minimum wage and the resulting unemployment of the unskilled workers

may give a country a competitive advantage. The probability of the said income

effect more than offsetting the4 substitution effect is higher if the difference between the

full employment wage and the binding minimum wage is bigger, see parts (c) and (d) of

Proposition II and Appendix A.
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4 The Heckscher-Ohlin theorem with heterogeneous
labour, capital and unemployment

In part three I analysed in some detail the effect of international trade on factor prices

and unemployment if trade occurs between two countries which are identical except

for the existence of a binding minimum wage for unskilled labour in one of the two

countries. I now turn to the analysis of the trading patterns and the effects of trade on

factor prices and unemployment if the two trading countries operate the same binding

minimum wage for unskilled labour and are in fact identical except for differences in the

endowments with the two fully employed factors, capital and skilled labour. In a nutshell

I now generalise the standard Heckscher-Ohlin model and theorem to three factors of

production, where one of the three factors is unemployed due to a binding minimum

wage. '

To generalise the Heckscher-Ohlin theorem I differentiate totally

(17)

with respect to K and L 5 , keeping pi, fixed and assuming that in the initial equilibrium

i1(.) = c1(-). This yields:

dp-(
dx^K dCldY \dK (dxy s dCldY\dL

dei ~ \JKK~ WdKK) X + {dVL ~ WdLL) T (18)

where: Y = piii(-) + X2O •

From the fact that xi(-) and Y(-) are homogeneous of degree one in K and Ls we know

that:

dx\
1J = Xx~ltK

£ = - £ * •
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Substituting (19) and (20) into (18) I obtain:

dx, (dK dtf\ dCldY UK dLS\ f dClY\dLS

Noting that:

I finally arrive at:

8Y _ dxi dx2

dK~PldK dK

. (dczdxx dCldx2\v(dK dL\^ ( dcyY\dLs

To generaUse the Heckscher-OhUn theorem I now make three additional assumptions.

Assumption 8:

The market for good one is Walras stable.

Assumption 9:

The preferences of the households in the two countries are not only identical, but also

homothetic.

Assumption 10:

There are no factor intensity reversals, i.e.: if one good is intensive in capital (relative

to skilled labour) at one set of factor prices it is intensive in capital at all factor prices.

Assumptions 8, 9 and 10 and equation (22) give rise to the following Proposition III.

PROPOSITION III:

Assume two countries. Each produces two goods with three factors of production: cap-

ital, skilled labour and unskilled labour. The two countries are identical except for the

endowments with capital and skilled labour. Both countries operate the same binding
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minimum wage for unskilled labour. The autarkic equilibrium price of the capital (skilled

labour) intensive good is lower (higher) in the country which is relatively abundantly

endowed with capital (skilled labour).

Proof: Proposition III follows directly from expression (22) and the stated assump-

tions. The latter imply that:

dci , 9c2w -d w>0

If good one is capital intensive, then:

M>0 -* M

U good one is intensive in skilled labour then:

£ < 0 and ^ > 0 (24)

Expressions (23) and (24) follow from total differentiation of the equilibrium condi-

tions for the fully employed factors, see equations (1) and (2).

Proposition III in conjunction with the results of part 3, especially Propositions I

and II now enable me to derive results concerning the determination of the trading

pattern and the effect of trade on factor prices and unemployment if the two trading

countries differ first only in regard to the endowments with the two fully employment

factors, capital and skilled labour (but operate the same minimum wage) and then differ

in regard to both: the endowment differences with fully employment factors and the

binding minimum wage rates. It hardly needs emphasizing that the following section 5

seems of special relevance to the analysis of the effect of free trade on employment levels

of European countries belonging to the European Union.
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5 Endowment Differences, Trading Patterns and the
Effect of Trade on Unemployment

Section 5 is divided into two subsections. The key assumptions of subsection 5.1 are

that the two trading countries differ only with regard to their endowments with the fully

employed factors, capital and skilled labour but that the minimum wage of unskilled

labour is the same. First it is also assumed that the minimum wage is binding in both

countries. Then this assumption is relaxed. The minimum wage may be binding in the

autarkic equilibrium but not binding in the free trade equilibrium or the converse.

In the final subsection 5.2 the two countries are allowed to differ with regard to factor

endowments and binding minimum wage rates.

5.1

One of the most interesting and important issues concerning the effects of the rising trade

between European countries on unemployment is whether international trade between

two minimum wage economies increases or reduces unemployment in one or both of the

countries. Unemployment rates differ considerably between European countries. The

view expressed in discussions in the media generally is tantamount to the following: the

strong (competitive) economies (i.e.: the economies with the low unemployment rates)

benefit from free international trade and the weak (uncompetitive) economies (with the

high unemployment rates) are hurt by free international trade. The conclusion generally ~

is that free international trade lowers the already low unemployment in the competitive

countries and exacerbates the unemployment in the countries which are already ridden

with high unemployment.

The first task in this subsection is to show that the view expressed in discussions in
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the media as stated above is wrong (subject to reasonable assumptions). To this end

the following Proposition IV is put forward.

PROPOSITION IV:

(a) Assume two countries with identical production functions and homothetic prefer-

ences. There are two fully employed factors, capital and skilled labour. There is

one unemployed factor: unskilled labour. The unemployment is due to a binding

minimum wage which is the same in both countries.

(b) The effect of international trade is to lower unemployment (increase employment)

in the country with high unemployment (in the autarkic equilibrium) and increase

unemployment (lower employment) in the country with low unemployment (in the
t

autarkic equilibrium).

(c) The result stated under (b) holds whatever the endowment differences between the

two countries and for any pattern of trade and factor intensities.

Proof: A formal proof can be found in the Appendix B, Tables 1 to 4.

Proposition IV can be demonstrated by means of an inspection of Figures 1 and 2.

Let wB be the common minimum wage of unskilled labour which is binding in both

countries. Assume further that:

> — and dlogK > dlogL3

Good 1 is capital intensive (relative to skilled labour) and the home country (country

one) is relatively abundant in capital (again relative to skilled labour).

25



If we make these assumptions it follows that the autarkic equilibrium point for the

foreign country (country zero) may be represented by point C and the autarkic equi-

librium point of the home country (country one) by point B. The home country has a

competitive advantage in the production of good one and exports it; the foreign country

therefore imports good one. The price of good one rises in the home country and falls

in the foreign country.

The reader's attention is now drawn to Figures 1 and 2. An inspection of Figure 1

shows that the level of employment of unskilled labour in the autarkic equilibrium is

lower in the foreign country than in the home country. Since p\ rises in the home

country employment of unskilled labour falls in the home country. Clearly employment

rises in the foreign country as pi falls.

Turning to' Figure 2 and making use of exactly the same reasoning it is easy to see that

employment of unskilled labour is lower in the home country in the autarkic equilibrium

than in the foreign country. The opening up of the two countries to trade results in a

rise of p\ in the home country and a fall of p\ in the foreign country. Employment rises

in the home country and falls in the foreign country.

5.2

In this subsection two of the key assumptions of Proposition IV are relaxed. Firstly,

endowment differences between the two countries may be such that the minimum wage

rates are not binding in one or both countries. Secondly, the two countries may differ

not only with regard to factor endowments but also minimum wage rates. A minimum

wage is binding in a country if and only if the following inequality is satisfied:
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V2;K,Ls) =N <L (25)

where: t»i = pi - ajvitu and «2 = 1 -

The assumption that the minimum wage rate for unskilled labour is binding implies

that pi, K and Ls are such that expression (25) is satisfied. As shown by Brecher in

Brecher (1980), a country may be endowed with more capital and/or skilled labour but

this does not necessarily imply that N (employment of unskilled labour) is higher.

To shed more light on the relationship between the endowments K and Ls on the one

hand and N on the other it is convenient to regard the employment of unskilled labour

as being produced by the outputs of the two final goods, x\, x2. Solving equations (1)

and (2) for xi and X2 in terms of K and Ls and substituting into expression (25) one

can readily derive the following reduced form:

AKNK + ALNLS = N (26)

where: AKN and ALN denote the employment of unskilled labour generated by one

unit of capital and skilled labour respectively.

The coefficients AKN and Aw may both be positive but one of them may be neg-

4

ative. Both coefficients are positive if the following condition is satisfied: the vector of

input coefficients (a^i, a^re) lies strictly within the cone spanned by the input coefficient

vectors (afa,aLi) and (a,K2,o-L2)- I refer to this condition as Assumption 11.

Assumption 11 and Proposition III now enable us to generalize Propositions I and II

to countries which differ not only in terms of minimum wage rates but also in endowments

with the fully employed factor, skilled labour arid capital.
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Because of lack of space I concentrate on the case where good 2 is intensive in the

use of unskilled labour, see Figure 1.

PROPOSITION V:

Let the two countries differ in terms of minimum wage rates and endowments with the

two fully employed factors. The home country (country 1) operates at a higher minimum

wage than the foreign country (country 0). The home country is more abundantly

endowed with skilled labour and capital than the foreign country. Assumption 11 holds.

Then:

The home country experiences a fall in the wage of the unskilled workers and possibly

an increase in unemployment and the foreign country a rise in the wage of the low skill

workers if:
i

either the capital skilled labour ratio in the home country is higher than in the foreign

country and good 1 is capital intensive

or the capital skilled labour ratio in the home country is lower than in the foreign

country and good 1 is intensive in skilled labour.

Proof: It can be shown, see Figure 1, that subject to the assumptions of Proposi-

tion V the trading pattern implied by the higher minimum wage in the home country

is reinforced by the stated endowment differences between the two countries. Note first

of all that it follows from Assumption 2 that the curve Ll = Nl must shift to the right

because of dK and dV are positive by assumption. Furthermore from Proposition III

the assumed pattern of differences in relative factor intensities of the two fully employed

factors imply that the schedule e\ = 0 must shift downward. Hence the minimum wage
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given by wB, see point B in Figure 1, is no longer binding. The home country a fortiori

exports good 1 and the foreign country imports it. As the price of good 1 rises in the

home country the wage of he unskilled workers falls until wB is reached. If pi rises more

there will be unemployment. Q.E.D.

An interesting possibility arises if the home country is endowed with less capital and

skilled labour than the foreign country and the capital skilled labour ratio is higher in

the home country than in the foreign country. Assume that good 1 is intensive in skilled

labour. In this case it follows that the L1 = Nl schedule shifts to the left and the goods

market equilibrium condition e[ = 0 upward. The new intersection point of the two

schedules lies to the left of the minimum wage wB. Factor endowment differences have

made the minimum wage even more binding. As a matter of fact it is easy to see that in
i

this case the trading pattern implied by the existence of a minimum wage in the home

country may be reversed by the endowment differences between the two countries. The

home country may be importing good 1 rather than exporting it. Employment of the

unskilled workers rises in the home country and the wage of the unskilled workers in the

foreign country falls as a result of free international trade. This analysis shows again

that the argument that binding minimum wage rates in Europe prop up the wages of

the unskilled in the USA is subject to a number of qualifications if we allow for capital
i

as well as skilled and unskilled workers.

Finally note that it is straightforward to prove that if the endowment differences and

factor intensity pattern are as postulated in Proposition V but good 1 is intensive in the

use of unskilled labour, see Figure 2, the case for the home country exporting good 1

and thereby reducing its unemployment at the expense of the foreign unskilled workers

29



(see Proposition II) is considerably strengthened.

6 Conclusions and Extensions

The tension between globalisation and the national regulation of labour markets is the

driving force behind a very fast growing literature. Its importance can hardly be overem-

phasized. This literature has led to many important insights however most contributions

are based upon the premise that the effects of globalisation on national labour markets

can be analysed without formal two country models of trade. Furthermore many of the

contributions (though featuring heterogeneous labour in terms of skilled and unskiUed

workers) neglect capital. The main tenet of this paper is that in order to analyse the

effects of globalisation on national labour markets a two country model with heteroge-

neous labour and capital is indispensable. The said modelling approach is crucial if

the aim is to achieve a unifying framework of market interaction between the national

labour market and the global goods markets.

Adopting a model which unlocks the terms of trade a number of novel and sub-

stantive results have been derived, see Propositions I-V. These results generalise many

of the conclusions of the received literature but also open up new perspectives. Many

worthwhile extensions could not be pursued due to lack of space.

Firstly, it would be interesting to allow for a binding minimum wage for skilled as
i

well as unskilled labour. This is relevant for many European countries. It locks, of

course, the terms of trade and therefore the flexiwage economy has to trade in the free

trade equilibrium at the autarkic relative prices of the minimum wage economy (if there

is nonspecialisation in production) Skilled and unskilled labour workers may be comple-

mentary or competitive. How the latter effects the pattern of competitive advantage and
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trading patterns has to the best of my knowledge not received any attention in formal

two country model of international trade.

Secondly, a major shortcoming of a considerable part of the literature and this paper

is that an important fact of international trade is ignored: most trade takes place in

intermediate and not in final goods. Allowing trade in intermediate goods is bound to

affect many of the results because imported intermediate goods may be substitutes or

complements for skilled or unskilled labour5.

Finally and most importantly, if the aim of the model is to explain the growing

wage gap or the long term relationship between the minimum wage rates in some and

the level of the flexible wage rates in other trading countries it seems imperative to

adopt a dynamic growth oriented approach. This approach must allow for endogenous

accumulation of capital as well as production of skilled labour from capital and unskilled

labour.

From recent empirical research it appears that vertical intraindustry trade (trade

in quality goods) plays an increasingly important part in international trade. It may

be conjectured that the increase in vertical intraindustry trade and its effect on na-

tional markets for skilled und unskilled workers can only be understood within a formal

dynamic framework6.

6For a recent contribution to the wage gap debate which focusses on trade in intermediate goods, see
Falk M. and B. Koebel (1997)and Aghion P. et alii (1999).

'interesting evidence on the growing importance of vertical intraindustry trade can be found in
Greenaway et alii (1994).
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The proof of Proposition II parts (a) and (b) follows directly from an inspection of

Figure 1. I now proceed to prove parts (c) and (d). To prove parts (c) and (d) it follows

from Figure 2 that the autarkic price of good 1 is lower in the minimum wage economy

if and only if, keeping pi constant, -^ derived from e\ = 0 exceeds in absolute terms ^

derived from L — N, i.e.:

\(*a\ >\(?HL\
\\dLjei=Q

 > \\dL)L=N

Differentiating totally xi(-) = ci(-) with respect to to and L we obtain (making use of

the cost minimisation conditions: Kdr + L"dw3 + Ldw = 0.

dx\ . d
dwsdw = ==wdL and therefore

OW OX

where: Y = p\X\ + P2X2 = Kr + L3w3 + Lw.

Differentiating totally L = N we have:

'dw\ 1

Since good 1 is intensive in unskilled labour we know that

'dw\

if there are no inferior goods. Now let:

fdw\ fdw\

(28)

( 2 9 )
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It is straightforward to show that expression (29) cannot be satisfied if all goods are

normal and good one is intensive in the use of unskilled labour. Substituting (27)

and (28) into (29) we have:

dd / dxi , dx2\ dxi
dY \ aw ow) aw

or

dw

For normal goods Pif^ and P2§^ are positive and less than one. Clearly,

Since §§*• < 0 and §** > 0 it follows that the left hand side of expression (31) is positive.

This proves part (c) of Proposition II. The proof and resulted stated above is un-

doubtedly useful because it shows that if the differences between the minimum and the

flexi wage economy are small it does not matter whether good one or good two is in-

tensive in the use of unskilled labour. However the proof and analysis have one major

shortcoming: they are based upon a local analysis only.

It is straightforward to show that in a global analysis the result stated under (c) may

not hold. The reason for this is that in the local analysis one obtains (differentiating

totally Y = rK + wsLs + wL):

dY = wdL

but in the global analysis:

AY = kAr + L3Aws + LAw + wAL + AwAL

Taking total differences of ei = 0 and assuming for simplicity that | ^ is fixed and equal
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to a we readily obtain

'AuA a ( K & + L*^£) (w + Aw)
— I ™ -4- '"• •

and

(Atu\ Axi As2x_i ,,,v

Proceeding as in the local analysis we set

Rearranging this it is straightforward to show that (34) implies (35):

( Ar sAtus>\ ( Ax\
K—r + L -—=- I I am— r- a//2

AL AL) \ At«

-aL° (35)r

Expression (35), the global result, should be compared with expression (31), the local

result. Clearly, there is now an additional term. The second and third term on the left

hand side are positive (as in the local analysis). However the first term must be negative.

Note that:

AL AL)

must be positive. A fall in L (given the goods prices) raises w and therefore either r and

ws or at least one of r and ws must fall. Therefore K^ + L3^£- must be positive. In
i

the local analysis we have:

Kdr + L3dw3 + Ldw = 0

arid therefore a rise in w always implies:

Kdr + L3dws < 0

and Kfr + L'^X)
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In the global analysis we know from cost minimization that:

KAr + LaAw3 + LAw > 0

Since we also know that:

A L < 0

it follows that:

AL AL AL

implies:

AL AL

Also note that o ^ i ^ - + am%% must be negative. This follows from the fact that a

ceteris paribus increase in w must lower employment.

The inequality stated as expression (35) can therefore always be satisfied by appro-

priate choices of a and L°. This proves part (d) of Proposition III. The global proof

highlights the importance of income effects which drop out in the local analysis.
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dlogL8 ;
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Table 1: Employment differences hi autarkic equilibria, good 2 intensive hi unskilled
labour. It follows from an inspection of Figure 1 and the main text, see section 5.1
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dlogK:

>NA

>NA
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>NA

> dlogK

Table 2: Employment differences in autarkic equilibria, good 1 intensive in unskilled
labour.
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Country 0

JVt
Nt

dlogK
> dlogL3

Ni
Ni

dlogL3

> dlogK

Country 1

Ni
Ni

dlogK
> dlogL3

N\

;vt
dlogL8

> dlogK

Table 3: Changes in employment, good 2 intensive in unskilled labour.

Qyi v,. Q/f2
Or.i Oki.i
0-K1. ->. Olfl
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Country 0

JU

dlogK
>dlogL s

Art

dlogL8

> dlogK

Country 1

dlogK
> dlogL8

JVt
dlogL8

> dlogK

Table 4: Changes in employment, good 1 intensive in unskilled labour. Tables 3 and 4
follow from an inspection of Figures 1 and 2 respectively and the main text, see sec-
tion 5.1.
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