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77 GLOBALISATION , CO-OPERATION COSTS, AND WAGE INEQUALITIES 

7.11 Introductio n 

Thee debate about the effects of globalisation on wage inequalities has focused on trade, and particularly 

onn whether falling barriers to trade have increased inequality within developed countries and reduced 

inequalityy between developed and developing countries (e.g. Learner, 1993; Wood, 1994; Lawrence, 

1996;; Cline, 1998). The possible effects on wage inequalities of other globalisation mechanisms, such 

ass capital flows, migration and knowledge spillovers, have not been overlooked (e.g. Feenstra and 

Hanson,, 1995; Sachs and Warner, 1995; Borjas, Freeman and Katz, 1997), but it is trade that has 

receivedd most of the attention. 

Inn this chapter we examine a crucial but neglected non-trade globalisation mechanism, namely 

thee dramatic decline in the cost of international business travel and communication, which has made it 

muchh easier for highly-skilled workers who live in developed countries to co-operate in production with 

less-skilledd workers in developing countries, through a mixture of frequent short visits and 

telecommunication.. Our summary label for this mechanism is reduction of 'co-operation costs', in 

contrastt to the reduction of trade barriers or 'transport costs' on which most analyses of globalisation 

havee focused. We suspect that the effects of falling co-operation costs on wage inequalities have been 

att least as large as those of falling transport costs. The rapid growth in the volume of travel and 

communicationss is common knowledge, as is the steep rise in .he earnings of internationally mobile 

businesss people, but these features of reality have not been subjected to much economic analysis.54 

Andersonn (2000) is an exception. He finds an accelerating rise in business travel from the US 

duringg 1986-97, with travel to the South rising faster than (and by 1997 exceeding) travel to other 

Northernn countries. He also finds that the incomes of US business travellers rose faster than those of the 

restt of the US population, and that business travellers earn more than other workers, controlling for 

schoolingg and other measurable human capital characteristics. Anderson's analysis omits 

telecommunication,, but the evidence reviewed by Gaspar and Glaeser (1998) suggests that this form of 

544 However, closely related ideas have been explored by Rosen (1981), Frank and Cook (1995) and much earlier, as Rosen points 

out,, by Marshall, who wrote of the increase in income inequality caused by "the development of new facilities for communication, 

byy which men ... are enabled to apply their constructive or speculative genius to undertakings... extending over a wider area than 

everr before" (1920, book VI, ch. XII , § 11). 
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virtuall  travel is a complement to (rather than a substitute for) the face-to-face contact achieved by real 

travel. . 

Wee put forward a theoretical model, along the following lines. The concentration in developed 

countriess (the North) of highly-skilled workers enables the North to produce better-quality goods than 

developingg countries (the South), as a result of which less-skilled Northern workers earn more than less-

skilledd Southern workers. Falling co-operation costs make it economic to move part of the production 

off  high-quality goods to the South: this raises the wages of highly-skilled Northern workers, by widening 

thee market for their services, and of Southern workers, by widening the range of goods they produce, but 

itt lowers the wages of less-skilled Northern workers, by eroding their privileged access to production 

withh highly-skilled workers. Inequality between Southern and Northern less-skilled workers thus 

declines,, but inequality in the North between highly-skilled and less-skilled workers rises. 

Thiss mechanism is of course related in various ways to other aspects of globalisation, including 

trade.. In particular, falling travel and communications costs have facilitated the growth of trade as well 

ass of co-operative production, and the two activities can be combined, with the output of co-operative 

productionn in the South often being exported to the North. However, the two mechanisms are analytical ly 

distinct,, and can operate separately in practice. Thus reduction of transport costs has increased exports 

fromm the South of goods which are not produced co-operatively, and there are goods and services which 

aree produced co-operatively for consumption in the South and not exported to the North. 

Ourr mechanism is also related to direct foreign investment, particularly insofar as this involves 

thee provision not of finance but of expertise (or 'knowledge-intensive producer services' - Markusen, 

1997).. Transnational companies are channels through which highly-skilled Northern workers contribute 

theirr services to production activities in the South, and the spread and increasing sophistication of such 

companiess is both a cause and a consequence of falling co-operation costs. But co-operation and direct 

foreignn investment are far from fully overlapping. Much direct foreign investment in developing 

countriess is aimed at natural resources, rather than at labour. More importantly, much co-operation of 

highly-skilledd Northern workers in Southern production occurs through channels other than ownership: 

manyy Northern importers provide their Southern suppliers with assistance in production and packaging, 

ass well as in design and marketing; while Southern firms, including those supplying Southern markets, 

cann and do purchase the services of Northern experts. 

Ourr 'highly-skilled' workers are a small group - managers, entrepreneurs, designers, engineers 

andd other top business professionals - and their skills are not the usual sort of human capital, acquired 

byy purposive investment in education and training. Most of them are well-educated, but the value of their 
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servicess stems mainly from their creativity, experience and connections, acquired fortuitously from their 

genes,, families and careers. Their skills are thus scarce, and the high wages they command are better 

thoughtt of as a rent than as a return to investment. Nor do these skills contribute to production in the way 

thatt human capital is usually modelled as doing, which is just by adding to the quantity of output: highly-

skilledd workers do help to raise the volume (and lower the cost) of production, but their principal 

contributionn is to improve the quality of output, by making it possible to produce new and better goods 

andd services. 

Theree is in principle a clear distinction between migration, which involves permanent or long-

termm relocation of residence, and the intermittent and usually brief visits which (with telecommunication) 

enablee highly-skilled workers to co-operate in production in the South while continuing to reside in the 

North,, although in practice the dividing line is somewhat arbitrary. Expatriate employment of Northern 

workerss in Southern countries, which falls on the 'migration' side of the line, is a related phenomenon 

off  long standing but generally small scale, because of the high cost to employers of compensating 

workerss and their families for the loss of Northern amenities, which is avoided in the case of co-operation 

byy maintenance of Northern residence. Co-operation also avoids another cost of long-term expatriate 

employment,, which is that the skills and knowledge of the workers concerned tend to atrophy and 

becomee obsolete as a result of reduced contact with other skilled workers. 

Co-operationn has costs, however: it is not factor mobility as usually modelled, with the price of 

thee factor equalised in all countries. Improvements in transport, communications, institutions and policies 

havee much reduced the costs of co-operation, but they remain substantial, and have to be considered 

explicitlyy in analysing its economic effects. The direct costs of travel (air fares and hotel bills) are 

dwarfedd by the opportunity costs of time wasted both while travelling and while working in the South 

(forr example, waiting for appointments, and doing things which would be delegated to a secretary at 

home).. Similarly, insofar as the co-operation is by telecommunication rather than by travel, the main cost 

iss not the bills for phone calls, faxes and e-mail messages, but the additional time involved in distance-

work,, as compared with doing the same thing on the spot. For all these reasons, the services of highly-

skilledd workers cost much more in the South than in the North: what makes it worthwhile to employ them 

inn the South is that the other sorts of labour with w hich these workers co-operate cost much less there. 

Sectionn 2 of this chapter sets out our model of the determination of relative wages at a given level 

off  co-operation costs. Section 3 analyses the effects of falling co-operation costs on wage inequalities. 

Sectionn 4 compares the effects of falling transport costs with those of falling co-operation costs. Section 

55 concludes. 

167 7 



CHAPTERR 7 

7.22 Equilibriu m with given co-operation costs 

Theree are two countries, North (N) and South (S), and two skill categories of workers, both in fixed 

supply:: highly-skilled workers, whose number is denoted by K (for know-how); and other workers, 

whosee number is denoted by L (for labour). L-workers are divided in fixed proportions between the 

Northh and the South, 

LL = LN + Ls , (7.1) 

andd can work only in the countries where they live. All K-workers live (and consume) in the North, but 

cann and do work both in the North and in the South, so that 

KK = KN - Ks , (7.2) 

However,, K-work in the South entails co-operation costs, consisting simply of wasted K-worker time, 

whichh is a fraction, / (> 0), of effective working time (the 'iceberg' principle), so that the effective supply 

off  K-work to the South is only K^( 1 +0. In this section, we treat the value of/ (which stands for travel 

andd telecommunication) as a parameter. 

Theree are two goods, a high-quality one (labelled A for advanced) and a low-quality one 

(labelledd B for backward), where 'quality' may be a matter of the newness of the good, or of other 

attributess such as reliability, performance, appearance and after-sales service, or of the effects of 

advertisingg on consumers' perceptions of these attributes. Production of the B-good requires only 

L-workers,, with a technology such that one unit of L-work produces one unit of B-output. Production 

off  the A-good requires K-workers as well as L-workers, with a standard constant-returns-to-scale 

technology,, which it will be convenient to express in the form Q = Lf{k), where/{A') is output per L-

worker,, k is the highly-skilled/other worker ratio, KIL, and/' > 0J" < 0. Transport costs are assumed 

forr the time being to be zero, so that the prices of the two goods, pA and pB, are the same in both 

countries. . 

Inn the type of equilibrium on which we wil l focus, the North is completely specialised in 

productionn of the A-good, but the South produces both the A-good and the B-good. World output of the 

B-good,, with its labour-only production technology, is thus simply 

QQBB =LS - LAS , (7.3) 

168 8 



GLOBALISATION,, CO-OPERATION COSTS, AND WAGE INEQUALITIES 

wheree LAS is the part of the Southern labour force that works in the A-sector. World output of the A-good 

is s 

QAQA = M*JV > + LA<Aks> (7.4) 

wherekwherekNN=K=K ffJLJLNN and ks = KJ(\ +i)LAS. (Co-operation costs may thus be regarded as a factor-specific 

inefficiencyy of Southern A-production.) 

Productt and labour markets are assumed to be perfectly competitive, so that the wages of all 

categoriess of workers are equal to their marginal value products. The wage of highly-skilled workers, w*, 

relativee to thatt of other Northern workers, wN, is thus 

f\kf\kNN) ) 
(7.5) ) 

wiwi AkN)-f'(k N)kN 

wheree ƒ ' ( ^) is the marginal physical product of K-workers, andJ[kN) -f\kN)kN that of Northern L-

workerss (output per L-worker minus skilled-wage payments per L-worker), with them's cancelled out. 

Thiss wage ratio, which we assume always to be greater than unity, is decreasing in kN (because/" < 0), 

andd hence, since LN is given, in KN, Greater concentration of K-work in the North, in other words, reduces 

wagee inequality within the North by making K-workers less scarce there, relative to L-workers. 

Thee wage of Northern L-workers relative to that of Southern L-workers, w5
L, is also equal to the 

ratioo of the marginal contributions of these two groups to A-production 

"l"l  _AkN)-f'{k N)kN 

wwss
ll Aks)-f'(k s)ks

 (7' 6) 

whichh depends on the sizes of kN and of ks. In particular, ifkN > ks, this wage ratio will be greater than 

unityy (that is, Northern L-workers will earn more than Southern L-workers). This is always the case in 

thee type of equilibrium on which we focus, since what causes the North to specialise in A-production is 

thee higher wage of Northern than of Southern L-workers, which makes it unprofitable to produce the B-

goodd in the North (the unit cost of B-output being simply the L-wage). 

Thesee two wage ratios between them imply a third, namely the wage of K-workers relative to 

Southernn L-workers i w^/w  ̂ = (w^lw )̂ (w^/w/) ). Our assumptions about the other two wage ratios 
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guaranteee that H-.^/H-/> 1, and indeed that it is the largest of the three wage inequalities. The equations 

governingg the other wage ratios also show that this third one is related to the values of ks and ks in a 

ratherr subtle way. 

Relativee wages in our model thus depend proximately on ks and ks, which in turn are determined, 

togetherr with two other variables (Southern employment in the A-sector, LAS, and the relative goods price, 

ppAA /pB), by a set of four equations. The first, 

ƒ'(** )) = -^-/Us) (7.7) 

iss an arbitrage condition for K-workers, whose wage in the North must in equilibrium be equal to the 

wagee they can earn in the South, net of wasted time. The left-hand side of the equation is thus their 

marginall  product in Northern A-production, and the right-hand side is their marginal product in Southern 

A-production,, multiplied by 1 /(1 + 0, the productive proportion of time spent away from the North. (For 

example,, if t = 2, two-thirds of the time spent away is wasted, and so the wage in the North needs to be 

onlyy one-third of that earned during effective working time in the South.) The higher marginal product 

off  K-work in the South than in the North is possible because ks is lower than kN, which in turn is possible 

becausee Southern L-workers are paid less than Northern L-workers. In other words, Southern A-

productionn is economically viable because the higher cost of K-workers is offset by the lower cost of L-

workers.. The second equation, 

PPAA\Kk\Kkss)-fXk)-fXk ss)k)kss}-p}-pBB,, (7.8) 

iss an arbitrage condition for Southern L-workers, who are mobile across sectors and so in equilibrium 

mustt earn the same wage in A-production as in B-production. The left-hand side of the equation is their 

marginall  value product in the A-sector, the right-hand side their marginal value product in the B-sector 

(whichh is simply pg because each unit of labour produces one unit of output). This equation can be 

rearrangedd as 

PBPB Aks) - f\ks)ks' 
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whichh shows that there is a fixed, inverse, relationship between the relative price of the two goods and 

thee value of ks. If pA/pB remains constant, so must ks, and a fall (say) inpA/pB would require a rise in ks, 

too increase the marginal physical productivity of A-work relative to B-work (otherwise, the A-sector 

wagee would fall below the B-sector wage, causing an exodus of workers from the A-sector). The third 

equationn is the full-employment condition for highly-skilled labour, 

K K KKNN + Ks =LNkN +LASks{\H), (7.2a) ) 

whichh can be rewritten as 

KK~~LLNNkkN N 

kkss(Ut)(Ut) ' 
(7.2b) ) 

too show that the size of the Southern A-sector labour force, LAS, is decreasing both in kN (a rise in which, 

givenn LN and t, reduces the supply of K-work to the South) and in ks (a rise in which reduces the number 

off  Southern L-workers employed per unit of effective K-supply). 

Thee fourth equation is the demand function. For simplicity all workers are assumed to have 

identicall  homothetic preferences (so that their relative demand for the two goods is unrelated to their 

incomes).. Given the world (North plus South) outputs of the two goods, QA and QB, the relative price is 

thuss determined by a simple demand function 

PB PB 

(7.9) ) 

wheree the size of the parameter q reflects the degree of superiority of the A-good over the B-good in the 

eyess of consumers, and the parameter e is a constant substitution elasticity. Replacing QA/QB with a fuller 

expressionn from equations (7.3) and (7.4), this equation becomes 

PB PB 

M** )) + L*sRks) 
^s^s LAS 

(7.9a) ) 

showingg that the relative price depends on all three of the other variables (kN, ks and LAS). 
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Byy substitution for ks and LAS from equations (7.7) and (7.2b), the demand function can be further 

transformedd into a relationship between pA lpB and kN alone, which is shown as an upward-sloping line 

inn the top panel of Figure 7.1. It has an upward slope (as is proved in the appendix) essentially because 

relocationn of K.-workers towards the North, increasing kN and decreasing ks, leads to a relocation of 

Southernn workers towards the B-sector, making the A-good scarcer and the B-good more abundant and 

increasingpA/pB.
555 The two arbitrage conditions (7.7) and (7.8) can also be combined into a relationship 

between/>„„  lpB and kN, which is the downward-sloping line in the top panel of the figure. Its downward 

slopee (also proved in the appendix) reflects the inverse relationship between pA /pB and ks according to 

thee L-worker arbitrage condition, coupled with the direct relationship between ks and kN according to the 

K-workerr arbitrage condition. More K-workers, relative to L-workers, raises productivity of L-worker 

inn the A-sector and requires a compensating fall in the relative price since in equilibrium the marginal 

productivityy of L-workers has to be same in the two sectors. The intersection of these two lines 

determiness the equilibrium values of pA/pB and kN. The bottom panel of the figure shows the K-worker 

arbitragee condition as a direct relationship (given t) between ks and kN, which, with kN determined in the 

topp panel, fixes ks. The values of kN and £sthen determine relative wages, as explained above. 

555 To explain more fully, a higher value of Jtv means a higher value of Ks and hence (given K) a lower value of Ks and Ks/(l + 

I).I). The K-worker arbitrage condition shows that for a given t a higher value of ^ requires a higher value of ks, and thus less 

employmentt of L-workers in Southern A-production. Thi s reduces world A-output because the Northern input of L-work into A-

productionn is Fixed and because the reallocation of K-work between North and South does not affect A-output in the margin near 

thee equilibrium (as a result of the K-worker arbitrage condition). It also increases world B-output, because employment of Southern 

L-workerss in B-production rises as their employment in A-production falls. 
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Figuree 7.1 Equilibrium with given co-operation costs 

/Demand d 
PA'PB PA'PB 

Combined d 
arbitrage e 

K-worker r 
arbitrage e 

Thiss model applies only within certain limits. If t (the cost of co-operation) were at or above some 

prohibitivelyy high level, there would be no A-production in the South (Ks and hence LAS would be zero), 

andd thus each country would be completely specialised in one of the two goods. The demand equation 

(7.9a)) would become 

PA_ PA_ 

PB PB 

M--LjKILt LjKILt 

andd the equation determining the relative wages of Northern and Southern L-workers would become 

wcc PB 

Thiss situation would be similar in some respects to that modelled by Krugman (1979), in which Northern 

workerss earn more than Southern workers because new goods can be produced only in the North. A 

difference,, though, is that in Krugman's model there is just one class of Northern workers, whereas in 
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ourr model the North's monopoly of the ability to produce new goods is linked to its supply of highly-

skilledd workers. 

Att the other extreme, if t (the cost of co-operation) were zero, the basic nature of the model 

wouldd change in a different way. K-work would no longer be more costly in the South than in the North, 

thee wages of Northern and Southern L-workers would be equalised, and there would be no reason for the 

Northh to specialise in A-production. Indeed, given the other assumptions made in this section, there 

wouldd be no economic reason to treat the North and the South as different countries. 

Betweenn these two limits, in the range on which we focus, suppression of the B-good would turn 

ourr model into the familiar sort of model with only one good, produced with K. and L in both the North 

andd the South, with barriers to the movement of K and L between the two countries, with all the K owned 

byy Northern residents, and with a relatively larger stock of K in the North, so that the marginal product 

andd earnings of L are higher in the North than in the South, and vice versa for K. This simplification of 

ourr model, however, would lose a feature which is of crucial importance in reality, namely the distinction 

betweenn high-quality and low-quality goods- a distinctionn whose salience in the minds of businessmen 

(andd in the business press and literature) is acknowledged in an increasing number of economic models 

-- from Krugman (1979) to Murphy and Schleifer (1997). 

7.33 Effects of falling co-operation costs 

Thee previous section described an equilibrium at a given level of co-operation costs. However, 

co-operationn costs have fallen sharply over the past few decades, largely as a result of improved transport 

andd communications. In this section, we shall analyse how falling co-operation costs shift the equilibrium 

andd hence affect wage inequalities. 

Ourr conclusion will be that a fall in co-operation costs always narrows the wage gap between 

Northernn and Southern L-workers, and in most cases widens the wage gap within the North between 

K.-workerss and L-workers. The latter outcome is less clear-cut because a fall in co-operation costs has 

twoo different and potentially offsetting effects. The more obvious, and usually the dominant one, is a 

'substitution'' effect, whereby K-workers are encouraged to do more work in the South and less in the 

North.. The less obvious one is an 'efficiency' effect: lower co-operation costs tend to raise the effective 

worldd supply of K-workers, by reducing the amount of time they waste, so that more K-work in the South 

needd not imply less K-work in the North. 
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Thee efficiency effect is relevant only if the initial equilibrium involved some Southern 

A-production,, this being the case on which the model in the previous section focused. If the fall in 

co-operationn costs were from a prohibitive level to a permissive level (causing Southern A-production 

too start up), only the substitution effect would matter, and wage inequality within the North would 

necessarilyy increase. And of course if co-operation costs remained prohibitive, even after the fall, neither 

effectt would exist. 

7.3.17.3.1 Wage inequality in the North 

Wee consider first the impact of lower co-operation costs on wage inequality within the North between 

K-workerss and L-workers. This depends simply on what happens to kN (equation 7.5). If the substitution 
KK L 

effectt dominates and hence kN falls, thenwN/wN must rise (an increase in inequality), because the 

decreasedd ratio of K-workers to L-workers in the North raises the marginal productivity of Northern It-

workk relative to that of Northern L-work. But if the efficiency effect were to pull strongly in the opposite 

direction,, kN might rise and thus wN lwN would fall (a reduction in inequality). 

Thee economic logic of the substitution effect emerges from the It-worker arbitrage condition 

(equationn 7.7): given kSl a fall in t makes working in the North less attractive than working in the South, 

whichh causes movement of K-work out of the North (a reduction in KN), lowering kN and hence raising 

thee marginal productivity of Northern K-work until it is again just as attractive as Southern K-work. The 

economicc logic of the efficiency effect also emerges from the K-worker arbitrage condition, because 

anotherr result of the fall in / is a rise in ks, which reduces the marginal productivity of Southern K-work, 

andd thus diminishes the incentive to move K-work out of the North, tending to raise kN. This rise in ks 

occurss because lower co-operation costs increase the efficiency of Southern and hence global A-

production,, raising world output of the A-good, relative to the B-good, and hence driving down its 

relativee price, which requires a rise in ks to meet the arbitrage condition for Southern L-workers. 

Thee conflict between these two pressures on kNcan be illustrated in the top panel of Figure 7.1, 

inn which the positions of both the lines relating/̂  /pB to kN depend on /. As we show in the appendix, a 

falll  in / is bound to lower the downward-sloping 'arbitrage' function, tending to reduce kN, in accordance 

withh the substitution effect. However, a fall in t might either raise or lower the upward-sloping 'demand' 

function:: a rise in the function would reinforce the reduction in kN> but a fall would offset it, and if large 

enoughh (because of a strong efficiency effect) could result in an increase in kN. 
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Too discover what the direction of the net outcome depends on, we need more explicit expressions for the 

twoo lines in this figure, which we derive in the appendix in terms of small proportional changes near the 

equilibriumm (denoted by ), making use of 

.. K K 
KK *  ~si - I  St ~ 

wfwf = - -k and w, = —k , (7.10) 
oo ' a ' 

whichh relate proportional changes in wage rates (or more precisely in marginal products) to proportional 

changess in k, (i = N, S), the relationship depending on the share of K-worker wages in production cost, 

SjSjKK,, and on the (absolute value of the) elasticity of substitution in production between K-workers and L-

workers,, a,. We establish that the direction of the effect on kN of a fall in / depends on two aspects of an 

expression n 

- - ^ — k ^ VV -O (7.1D 
ee QA l-sA S ' 

inn which QAS/QA is the South's share of global A-output and s* is the share of A-goods in total world 

expenditure.. One aspect of this expression is its sign, which depends on the sign of the ( ) term. If 

oo > 1 -s As K>the sign of (7.11) is negative, a fall in t shifts the 'demand' function upward, and hence kN 

iss bound to fall. However, if the elasticity of substitution in production is low (as we shall suggest later 

iss usually the case), and hence a <] -sAs?, the sign of (7.11) is positive and the function shifts 

downward,, tending to increase kN. 

Inn the latter case, whether the downward shift is large enough to yield an actual rise in k  ̂depends 

onn another aspect of expression (7.11), namely its size, and in particular on whether it is bigger or smaller 

thann 5*7(1 -5 ƒ I If it is smaller, then the net effect is still a fall in kN, but if it is larger, the efficiency 

effectt outweighs the substitution effect and the net result is a rise in kN (and hence a reduction, rather than 

ann increase, in wage inequality in the North). This result would require the elasticity of substitution in 

consumption,, e, to be low, so that the rise in world output of the A-good would greatly depress its price, 

andd hence require a large increase in ks to meet the southern L-worker arbitrage condition (the required 

increasee in ks being larger, the lower the value ofss as can be seen from expressions 7.10). We will 

arguee below that such a combination of parameter values is unlikely, and hence that the usual outcome 

iss a fall in kN and a rise in wage inequality in the North. 
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7.3.27.3.2 North-South inequality 

Turningg now to the impact of a fall in co-operation costs on wage inequality between Northern and 

Southernn L-workers, it is clear from equation (7.6) that what happens to w^/w/ depends proximatelyy on 

whatt happens to kN and ks. Rewriting this equation in proportional changes (by making use again of 

expressionss 7.10) as 

* ïï = '-*-£„ -  ^ s , (7.12) 

wheree wf = w^/w  ̂ shows that this wage ratio wil l usually move in the same direction as k,/ks. More 

specifically,, in the usual case in which k„  falls and ks rises as a result of a fall in co-operation costs, wage 

inequalityy between Northern and Southern L-workers will decrease. This is because, with k'N negative 

andd ks positive (and the s/o's positive), the sign of the right-hand side of equation (7.12) is bound to be 

negative. . 

Thee outcome is less obvious in the unusual case in which kN as well as ks rises as a result of a fall 

inn t (which makes the sign of the right-hand side of equation (7.12) ambiguous), but also turns out to be 

aa reduction in North-South wage inequality. In other words, even though the marginal productivity of 

Northernn L-workers rises in this case, it rises by less than the marginal productivity of Southern L-

workers,, because of the increase in the efficiency of Southern A-production. To establish this, we 

combinee equation (7.12) with the K-worker arbitrage condition (equation (7.7), rewritten in proportional 

changes,, as in the appendix), and rearrange as 

''  K i _ K 

11
11 _ K K 

11 Sir Syr 

KK K 

JLkJLkNN + _ i _ , . (7.13) 
°N°N 1 S? 

Thee final term shows that the direct effect of a fall in / is to reduce wN/ws . The effect of a rise in kN (an 

indirectt result of the fall in t) depends on the sign of i -\ss l\ -ss Vl -ss /ss J, which must be negative, 

soo that the result, with£N positive, is to reinforce the reduction in wN/ws . The sign must be negative 

because,, as noted earlier, a necessary condition for kN to rise is as<  1 -s Ass , which implies, since 

oo <sM , j /< l , that G-<1 .Thus, with a substitution elasticity below unity, and ̂ greater than ks,sN must 
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bee less thans5 and hence \ss l\ -ss 111 -ss /ss j is greater than unity.56 So, whether ks falls or rises, a 

declinee in co-operation costs narrows the wage gap between Northern and Southern L-workers. 

Thee effects of falling co-operation costs on wage inequalities are particularly clear-cut in the 

speciall  case of Cobb-Douglas technology. For if a were unity and hencê  =ss , the first term on the 

right-hand-sidee of equation (7.13) would vanish, and only the direct effect of the fall in t onw^/w/ 

wouldd remain. Moreover, with Cobb-Douglas technology it is certain that kN will fall (because 

o55 = 1 > 1 -5 Ass ) and hence thalwN/ws will rise. 

7.3.37.3.3 Other considerations 

Inn the usual case, in which the wage of Northern L-workers falls relative to the wages of both K-workers 

andd Southern L-workers, it is bound also to fall absolutely in real terms. This is because the decline in 

kkNN reduces the marginal physical productivity of Northern L-workers and hence their wage in terms of 

theirr own product, with the decline in their consumption wage being reinforced by the fall in the price 

off  their own product (the A-good) relative to the B-good. Even in the unusual case in which kN rises, the 

reall  consumption wage of Northern L-workers is likely to decline as a result of the relative price change 

(whichh tends to be large in this case). By contrast, the real wage of Southern L-workers is bound to rise, 

becausee their wage in terms of the B-good does not alter, and the relative price of the B-good rises. 

Inn the usual case, as we show in the appendix, a fall in co-operation costs raises GNP, measured 

inn terms of the A-good, not only in the South but also in the North, because the worldwide income of K-

workerss (which is part of Northern GNP) increases by more than the income of Northern L-workers 

decliness - so that in principle the K-workers could more than compensate the Northern L-workers for 

theirr loss. However, in the unusual case in which the efficiency effect of lower co-operation costs 

dominates,, so that wage inequality in the North is decreased rather than increased, the worldwide decline 

inn the marginal productivity of K-workers (as a result of the rises in both ks and kN) causes the North's 

GNPP to decline in terms of the A-good - and even more in terms of consumption, because of the fall in 

thee relative price of the A-good. 

Wagess and incomes are not the only variables of practical interest to be affected by falling co-

operationn costs in the framework of our model. Another is the share of the South in world production of 

high-qualityy goods, which is relevant not only as a general indicator of development, but also as a point 

off  contact with other models, particularly those of Feenstra and Hanson (1995) and Wood (1998). In the 

Strictlyy speaking, there are two substitution elasticities, unless the technology is CES, but we neglect the complications which 

wouldd arise if oN were above unity and os below unity, or vice versa. 
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usuall  case, this share must rise as a result of a fall in co-operation costs, because world output of the A-

goodd rises and Northern output falls, as a result of the reduction in kN (given LN). In the unusual case in 

whichh a fall in co-operation costs results in a rise in kN, and hence in Northern output of the A-good, the 

South'ss share could either rise or fall." 

Ourr focus in this section has been on the effects of falling co-operation costs. It would of course 

bee possible also to investigate the effects of changes in the other parameters and exogenous variables of 

thee model in the previous section. In practice, moreover, it is certain that co-operation costs are not the 

onlyy thing which has been changing, and thus that observed changes in wage inequalities reflect a 

mixturee of effects. A full investigation lies outside the scope of this chapter, but two variables whose 

movementt is likely to have been important are the supplies of Northern and Southern L-workers, and in 

particularr the size of Ls relative to LN, which has been increasing over time, as a result of faster Southern 

populationn growth and rising literacy (making more people employable in non-traditional activities). 

Onee unsurprising effect of a rise in LSILN in our model is to widen the North-South gap in the 

wagess of L-workers - that is, to raise w^Av/, thus pulling in the opposite direction to falling co-

operationn costs. The gap widens because the increased supply of Southern labour raises the output of the 

B-good,, driving down its relative price and encouraging Southern L-workers to leave the B-sector for 

thee A-sector, where their increased numbers, given the supply of K-work to the South, lower ks and the 

marginall  productivity of Southern L-work (relative to that of Northern L-work). The widening of the gap 

iss damped, however, by an increase in the supply of K-work to the South, induced by the fall in ks, which 

raisess the marginal productivity of Southern K-work, relative to that of Northern K-work. The supply of 

K-workk to the North is correspondingly reduced, and so kN falls, increasing wN lwN . A more surprising 

effectt of the rise in LSILN in our model is thus to increase wage inequality in the North, reinforcing the 

(usual)) effect of falling co-operation costs. 

7.3.47.3.4 Simulations 

Too assess the possible size of the effects of falling co-operation costs on wage inequalities, we use 

numericall  simulations. We calibrate the model at the 'prohibitive' level of co-operation costs - at the 

pointt at which K-workers are still all employed in the North but are on the verge of supplying their 

servicess to the South - setting the value off at 3, which implies that the marginal productivity of K-work 

inn the South must be four (1 +1) times that in the North. We assume that K-workers are one-tenth of the 

577 Intuition suggests that the South's share must always rise (and our simulations reveal no case of a fall), but we have not been 

ablee to prove this - details are available on request. 
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Northernn labour force (implying that kN = KJLN = 1/9) and at this point earn three times as much as 

Northernn L-workers (making their share of production costs 0.25), and that the Southern labour force (Ls) 

iss equal in size to the total Northern labour force (KN + LA). Given values for the a 's we derive the initial 

valuess of ks, w^lwt and s?, and complete the calibration by using derived values for QA and QB and 

givenn values for the demand parameters (e and q) to derive the initial value oïpA/pB. 

Thee simulations then consist of reducing the value of t from 3 to zero in small steps, with 

particularr interest in what happens to relative wages. This depends on what values we assume for the 

substitutionn elasticities, both in production (a, for simplicity setting aN = GS) and in consumption (e). We 

believee that a is likely to be low - that other workers are poor substitutes for K-workers in the production 

off  A-goods, since they lack the knowledge needed to create, produce and market high-quality goods -

andd we set its value at 0.5 in our base case. By contrast, we believe that £ is likely to be fairly high - that 

low-qualityy goods are reasonable substitutes for high-quality goods - so we set its value at 3.0 in our base 

casee (and label this case LOHI). However, we also try two alternative pairs of elasticities, in one of which 

wee lower E from 3.0 to 0.125, keeping a at 0.5 (and labelling this the LOLO case), and in the other of 

whichh we raise a from 0.5 to 1.5, keeping e at 3.0 (and labelling this the HIHI case). The results of all 

threee cases are summarised in Figure 7.2, with more details in Appendix B Table B1. 

Figuree 7.2 Simulated effects of falling co-operation costs on wage inequalities 

LOLO:: o=0.5, e=0.125; LOHI: o=0.5, e=3.0; HIHI : o=1.5, e=3.0 

Inequalityy between K-workers and Northern L-workers, wN lwN 
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Inequalityy between Northern and Southern L-workers. wNlws 
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1.55 --

22 1 
co-operationn costs 

Inequalityy between K-workers and Southern L-workers, wN lws 
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Thee top panel of the figure shows the effect of falling co-operation costs on wage inequality in the North, 

withh each of the three lines referring to one of our pairs of elasticities. In the base (LOHI) case, there is 

aa dramatic rise in inequality, with wN lwN quadrupling from 3 to 12 as / falls from its initially prohibitive 

levell  to zero. In both the other cases, the rise in inequality is much smaller. In the HIHI case, this is 

becausee the greater substitutability of L-workers for K-workers in production means that the decline in 

kkNN due to more K-work being done in the South has far less effect on the relative marginal products of 
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thesee two groups of workers. In the LOLO case, the rise in inequality is small because the low elasticity 

off  substitution in consumption results in a steep fall in pA/pB as global A-production increases, raising 

kkss and thus discouraging movement of K-work to the South (so that the increase in Southern A-

productionn is also small).58 Indeed, as t approaches zero in this case, we observe the 'unusual' outcome 

-- a (slight) rise in kN and hence a fall in wage inequality in the North. 

Thee middle panel of the figure shows how falling co-operation costs reduce wage inequality 

betweenn Northern and Southern L-workers. In the base (LOHI) case,wNiws falls from 2.3 at the 

prohibitivee level of f to its expected value of 1 (no difference in wages) when / reaches zero. In the LOLO 

case,, with a lower value of e, the end-points are the same, but the decline in w^/w  ̂ is faster in the early 

stagess of the decline in t and slower in the later stages. In the HIHI case, the degree of North-South 

inequalityy is less at all stages: easier substitution in production means that Northern L-workers gain less 

fromm the greater relative supply of K-work in the North than in the South. 

Thee bottom panel of the figure shows the effects of falling co-operation costs on wage inequality 

betweenn K-workers and Southern L-workers (the outcome being implied by the combination of the top 

andd middle panels). In the base (LOHI ) case, w^lwt almost doubles as t falls from 3 to zero: the decline 

inw^lwtt is not nearly large enough to offset the steep rise in w^lw^-  In the LOLO case, by 

contrast,, w*/Wg halves: the small rise in w^/w  ̂ is outweighed by the large fall in w^lw^,  so that 

inequalityy between K-workers and Southern L-workers is reduced. In the HIHI case, the rise in w*/\Vy 

andd the fall in wtlw? are both small, as a result of which there is tittle change in w^fw^-

7.44 Trade, payments and transport costs 

Inn this section, we shall review the pattern of North-South trade and payments implied by our model, 

introducee transport costs, and compare the effects on wage inequalities of falling transport costs with 

thosee of falling co-operation costs. 

Inn the model in section 2, which assumed zero transport costs, the South is bound to export the 

B-goodd to the North (which consumes it but does not produce it), and in most cases the North exports 

Sltt As is shown in table Al , the South's share of world A-production in this case rises only to 8% (when t= 0), as compared to 50% 

inn the LOHI case and 38% in the HIHI case. However, the South achieves a larger rise in real consumption in the LOLO case than 

inn either of the other two cases, because of the steep rise in the relative price of the B-good (which prevents the North's real 

consumptionn from rising at all). 
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thee A-good to the South. This pattern is in accordance with the principles of comparative advantage, 

becausee the A-good is more K-worker-intensive than the B-good, and because K-work is relatively (to 

L-work)) cheaper in the North than in the South (because of co-operation costs). However, in our model 

wee must consider not only the composition of trade, but also the balance of trade, since, when A-goods 

aree produced in the South, the South must pay for the (factor) services rendered by K-workers, by 

runningg a trade surplus (in goods and non-factor services).59 If this surplus were large, relative to the 

North'ss demand for the B-good, the South might need to export some of its production of the A-good as 

welll  as the B-good, with the North exporting only the services of K-workers (which would still accord 

withh comparative advantage, since these services are more K-worker-intensive than the A-good).60 

Inn statistical practice, payment of K-workers is not always recorded in the balance of payments 

ass a flow of factor (or more precisely, labour) income. If the services of K-workers were supplied through 

aa consultancy firm, they would probably be classified as non-factor services. If they were supplied 

throughh a multinational company with production facilities in the South, the payment might simply raise 

thee profits of the Southern subsidiary and reduce those of the Northern parent, from whose bank account 

thee K-workers are actually paid (with the profits of the Southern subsidiary not necessarily being 

repatriated).. Or the payment might be concealed in the prices of transactions in goods between the 

Northernn parent and its Southern subsidiary. Similarly, if the services were supplied through a Northern 

importerr to an independent Southern producer, they would probably be paid for in the form of a lower 

pricee for the goods purchased. These considerations, all of which imply that the international flow of K-

workerr services tends to be underestimated, would need to be borne in mind in any attempt to apply our 

model. . 

Ann obvious extension of our model is to include transport costs (and other sorts of barriers to 

trade).. A full analysis would be complicated, and lies beyond the scope of this chapter, but useful insights 

cann be obtained simply from the arbitrage conditions. Transport costs drive a wedge between prices in 

Non-factorr services are services involving an output (such as insurance or shipping) which is produced by a combination of 

factors,, in contrast to factor services, which are rendered by a single factor. The South's trade surplus, measured in terms of the 

AA good, is Wy Ks or wN lK-K\ Note that the South has to pay for the time that K.-workers waste as well as for the time they are 

effectivelyy working. 

Fallingg co-operation costs usually increase the trade imbalance, wNlK-K J, since wN rises and Ks falls, though the opposite 

iss possible. Falling co-operation costs also usually reduce Northern imports of the B good, because of the rise in its relative price, 

althoughh this may be offset by the rise in Northern incomes. The likelihood of the South exporting the A-good thus rises as co-

operationn costs fall. In our simulations, as shown in table Bl , this happens in the LOH1 case as t approaches zero. 
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thee North and in the South: of particular importance for the arbitrage conditions is their effect on the 

pricee of the A-good (which is produced inboth countries, unlike the B-good). Denoting the transport cost 

wedgee by x, there are three possible cases: if the North exports the A-good, p^lp" = 1 +T , so that the price 

iss higher in the South; but if the South exports the A-good, pA
s/p" = 1/1 +T, with the price lower in the 

South,, and if neither country exports the A-good, \/]  +x<pppA
N<  1 +T- In the partial analysis which 

follows,, we define p4 and ps as the prices which prevail in the exporting country, excluding transport 

costs,, and treat both these prices as parameters (a full analysis would take account of their movement to 

clearr the goods markets). 

Focusingg initially on the case in which the North exports the A-good (so that p =p"), the 

arbitragee condition for Southern L-workers and for K-workers become 

0 + T ) —— = (7.14) 
PBPB Aks)-f'(ks)ks 

and d 

ru.v)) = J^AK)  (7.i5) 

Transportt costs, by raising the price of the A-good in the South, increase the incentive to produce it there. 

Equationn (7.14) shows how its higher price, relative to the B-good, attracts more Southern L-workers into 

thee A-sector for any given supply of K-work (by permitting a lower value of ks). Equation (7.15) shows 

howw more K-work is attracted to the South by the higher price of the A-good there, relative to its price 

inn the North, both directly (the 1 + x term) and indirectly as a result of the lower value ofks (which raises 

thee marginal product of K-work in the South). Southern output of the A-good is thus increased (with 

moree K-work and more L-workers per unit of K-work) and Northern output of the A-good reduced 

(becausee of the reduction in Ks-, given Ls, and hence in £.,.). 

Thee consequences of a fall in transport costs - which is what is relevant in the context of 

globalisationn - are evidently the opposite of those outlined in the previous paragraph, since a fall in t, 

otherr things being equal, reduces the incentive to locate A-production in the South. The attractiveness 

off  the A-sector to Southern L-workers is diminished, so prises, and the attractiveness of the South to 

K-workerss also diminishes, so that KN and &v rise. Thus with less of both K-work and L-work in Southern 

A-production,, QAS falls, and QB (and QAN) rise. This makes sense in terms of standard trade theory: lower 
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barrierss to trade have caused the South to produce more of the good in which it has a comparative 

advantage,, namely the B-good. The reduction in the supply of K.-work to the South is like the experience 

off  a country which had been receiving 'tariff-hopping' direct foreign investment in import-substituting 

industries,, which then declines as a consequence of tariff cuts. 

Howw does the fall in transport costs affect relative wages? Since kN rises, w^/w  ̂ must fall - that 

is,, there is a reduction in wage inequality within the North. The effect on the other two wage ratios is less 

straightforward,, since both involve a North-South comparison in a context in which there has been a 

changee in the North-South difference in product prices, so the result may depend on the choice of units 

inn which wages are measured. For simplicity, we measure wages in each country relative to the price of 

thee A-good in that country (that is, for K-workers and Northern L-workers in terms of pA , and for 

Southernn L-workers in terms of pA
s). On this basis, 

^  ̂ ' PAfykj-Akjks\pA
s ' Aks)-f'(ks)ks

 ( 7 1 6) 

andd wage inequality between K-workers and Southern L-workers is bound to diminish (since the rise in 

kkss reduces the marginal product of K-work in the South and raises that of L-work, and in addition the A-

goodd becomes more expensive in the North relative to the South - that is, 1 + T falls). On the same basis, 

*i*i  PA ŝ)-f(ks)ks}pA
s Akj-AWs 

showingg that the direction of movement in wage inequality between Northern and Southern L-workers 

iss ambiguous, because both kN and ks have risen, so that the outcome depends on the magnitudes of the 

changess in kN and ks and of the parameters of J[k). 

Thee process of globalisation involves reductions both i n transport costs and in co-operati on costs, 

whichh are to some extent driven by the same forces, such as improvements in transport and 

communicationss facilities. Falls in these two sorts of international transactions costs may, however, have 

differentt effects on wage inequalities. In particular, the analysis in the previous few paragraphs suggests 

thatt wage inequality in the North between K-workers and L-workers tends to be reduced by falls in 

transportt costs but increased by falls in co-operation costs, and that falling transport costs may either 

reinforcee or offset the tendency for wage inequality between Northern and Southern L-workers to be 
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decreasedd by falling co-operation costs. 

Thesee conclusions about the effect of falling transport costs should be interpreted with caution. 

Theyy are based on a partial analysis, which does not take account of the changes \npAlpB which would 

bee needed to restore equilibrium in goods markets. They are also based on the assumption that only the 

Northh exports the A-good. If we were to consider instead the case in which the South exports the A-good 

(withh the North exporting only K-worker services), the L-worker arbitrage condition would revert to 

equationn (7.8) in section 2 (but with pA =pA ), and the K-worker arbitrage condition would become 

ƒ'<**>> = ,, ' / ' (*s)  (7.18) 
( 1 + 0 U + T ) ) 

Inn this case, a fall in T would not alter ks (because the relative price of the A-good and the B-good within 

thee South would not alter), and it would make the South more (rather than less) attractive to K-workers, 

soo that A-v would fall rather than rise. Wage inequality in the North would therefore increase, rather than 

decrease,, and wage inequality between Northern and Southern L-workers would unambiguously decrease 

(sincee A'v falls and ks is unchanged), these effects being the same as those of falling co-operation costs. 

Thiss South-exporting case is unlikely in our model, but with more than one A-good (as in Wood, 1998), 

bothh the North and the South might expoit (different sort? of) high-quality goods, with the outcome being 

shapedd by a mixture of the pressures identified in our North-exporting and South-exporting cases. 

7.55 Concluding remarks 

Inn this chapter, we have explored, at a theoretical level, the effects on wage inequalities of an important 

butt neglected aspect of globalisation: the increasing extent to which highly-skilled workers resident in 

thee North have become involved in production in the South, as a result of improvements in travel and 

communicationss facilities, which have reduced the cost of co-operation with Southern workers. We 

analysedd these effects ?n a model which distinguishes between high-quality and low-quality goods, and 

makesmakes the services of highly-skilled workers essential for the production of high-quality goods. Our 

conclusionn is that falling co-operation costs shrink the North-South gap in the wages of less-skilled 

workers,, but in most cases widen the wage gap within the North between highly-skilled and less-skilled 

workers. . 

Ourr model could be extended in various directions. Wood (1998) divides the 'less-skilled' 
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categoryy between medium-skilled and unskilled workers, and divides the single A-good into many high-

qualityy goods of varying medium/unskilled labour intensities, which integrates our approach with the 

usuall  Heckscher-Ohlin analysis of the effects of globalisation on wage inequalities. In this extended 

model,, the combination of falling co-operation costs and falling transport costs can explain why the 

Northh has experienced not only falling relative wages of unskilled workers but also growing wage 

inequalityy among skilled workers, and why in the South increased openness has had mixed effects on 

wagee inequality - facts which are hard to explain in a pure Heckscher-Ohlin framework. 

Anotherr possible extension would be to subdivide the South into a number of different countries, 

eachh with a different level of co-operation costs. Thus the costs to Northern highly-skilled workers of 

co-operatingg with Southern workers would be greater in some developing countries than in others, for 

examplee as a result of worse travel and communications facilities, less developed legal systems, or more 

hostilee or unstable government policies. In such a model, the wages of Southern workers would vary 

amongg countries, being lower where co-operation costs are higher, as appears to be the case in reality. 

Yett another subject for further investigation is the supply of highly-skilled workers, which we 

havee taken as given. Our assumption that such workers are concentrated in the North is based on the 

seeminglyy realistic idea that frequent contact among them, face-to-face as well as by telecommunication, 

iss essential for the acquisition, maintenance and use of their skills. However, what determines the supply 

off  highly-skilled workers, and changes in it over time, is an important question, whose answer must in 

somee way be related to the number of the high-quality goods for whose production the skills of these 

workerss are essential, and thus to the balance between the rates of creation and of diffusion of new 

knowledge. . 

Likee the South, the North can be thought of as a number of different countries, in each of which 

somee part of the world's stock of highly-skilled workers resides (and within and among which the cost 

off  co-operation between highly-skilled and other workers is negligible). The membership of this group 

iss not fixed: if a Southern country acquired a sufficiently large number of highly-skilled residents, it 

wouldd join the North. This could happen through migration, as in the case of the European colonisation 

off  North America, or through learning by natives, as in the case of Japan. In particular, our model could 

bee extended to include the possibility that Southern workers, in some circumstances, learn from the 

Northernn highly-skilled workers with whom they co-operate in production. 

Otherr possible extensions to the theoretical framework of the model can be imagined - for 

example,, inclusion of non-traded goods and of natural resources - some of which might be necessary to 

putt it into a testable form. However, the most important next step is surely to subject the model to some 
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sortt of empirical evaluation. That reduction of co-operation costs has shifted relative wages in the 

directionss that our model suggests seems extremely plausible on the basis of casual observation. What 

needss to be more scientifically assessed is the likely size of these effects. If they turned out to be large, 

itt would greatly strengthen the case for believing that globalisation has been a major cause of recent 

changess in wage inequalities, between and within countries. 
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Appendixx A A linearised system of equations 

Too analyse the system of four equations in section 2 which determine kN, fcs, LAS and pAlpB (= p), we 

linearisee them, expressing each variable as a relative deviation from its equilibrium value, x = dxlx (except 

t=dtl\t=dtl\  +t). The K-worker arbitrage condition becomes 

Is* Is* 11 Sc 
-*** + ' . 

wheree S(
K =f(k)k lj{k)  (' = N,S), and can be rearranged as 

* SS = --
IS, IS, 

(Al ) ) 

Thee arbitrage condition for Southern L-workers becomes 

PP = —— kc (A2) ) 

andd the full-employment condition for K-workers becomes 

ss Kc
 N (A3) ) 

Too obtain a convenient linearised expression for the demand function, equation (7.9), we first 

rewritee it, using equations (7.2a), (7.3) and (7.4), as 

^k^k NN))++LLASASAkAkss) ) 

^s^s LAS 

LLA,^^)A,^^) +L+L^^ SS)^{L)^{L SS-L-LASAS) ) 

^s^s LAS 
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Thee marginal effect of a change in ks andp on the right-hand side of the equation is nil. Also, a change 

inn LAS does not affect the numerator at the margin. Linearising then gives 

PP = <7 

==  q - -
z z 

QAQA++ PP 'QB LAS 

QAQA LS~LAS 

LLASAS(^)fK)(^)fK) kks; s; 
QA QA 

/(*,)*, , 
\-s\-sAAAK) AK) Ah) Ah) s>s> ) 

w h e ree 5 A 

pp = q 

PQA PQA 

PQPQAA
++ Qi Qi 

 the share of the A-good in global expenditure, and hence 

ee QA 

\-s \-s 
LLASAS SS l (A4) ) 

UnderpinningsUnderpinnings of Figure 7.1 

Too derive the two equations underlying the upper panel of Figure 7.1, we substitute (Al ) into (A2) to 

obtainn the combined arbitrage function 

.. K K 
ISMISM Sr 

1-5, , 

- * „„  + 
l - 5 t t 

JJ . (A5) ) 

inn which p is clearly decreasing in kN, justifying the downward slope in the figure. A fall in t will 

evidentlyy shift this function downwards. We then substitute (Al ) and (A3) into (A4), and set q = 0, to 

obtainn the transformed demand function 

**  QA 

1-5, , 

1-5 5 

°s°s *  SN LNkN 

ii  K cs I k 
11 Ss °N ^ASKS 

* * * * 
''  1 ^ 

-- -(as-\+ss)+ss 

{{  \-sA 
(A6) ) 

inn which/? is clearly increasing in ^Justifying the upward slope in the figure. A fall in f might shift this 

functionn either upwards or downwards. 
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SubstitutionSubstitution effect versus efficiency effect 

Too determine whether and when the substitution effect is outweighed by the efficiency effect, we must 

establishh the direction of the effect of a reduction in / on kN. Both (A5) and (A6) are functions of both 

tt and kN, and can be rewritten as 

pp = £lxkN + £lj (A5a) ) 

pp = QjN  Qj (A6a) ) 

where e 

O, , 
ii  _ K K 

11 S\j Sr 

77NN I Sc 

« 2 2 
I-SI-St t 

n33 --
11 QAS

 l~sS 

**  QA 1 

11 sN os LNkN 

°N°N 1-5c LASks 

n,, = -
II  QAS I I A K 

44
 *QA I -^ 1 - 5 5 

( a s + j ^ j / - l ) ) 

andd combined to solve for^ as a function of i 

Thee sign of the denominator, (Q,-f2j),is negative (because ft, is negative and all the terms in ft3 are 
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positive.. Q2 is also positive, so that the outcome depends on the sign and size of Q4. If os > 1 ~s A ss , Q4 

iss non-positive, (Q4-fi 2), must be negative and hence a fall in t must reduce ks. But if o,< 1 -s Ass , and 

hencee Q4 is positive, the outcome depends on whether H4 is larger or smaller than Q:.If smaller, then a 

falll  in / still reduces Jtv, but if larger, the efficiency effect dominates the substitution effect, and the net 

resultt is a rise in kN. 

EffectEffect of lower co-operation cost on aggregate income 

Expressingg aggregate income as the sum of payments to factors, measured in terms of the A-good, the 

North'ss GNP is 

YYNN -f'{kN)KN + j-f(ks)Ks  \f[kN)-f\kN)kN\LN 

==  f\kN)K + ]/[k N)-f'(kN)kNYN 

(becausee of the K-worker arbitrage condition), which increases in the usual case in which a fall in co-

operationn costs reduces kSl since 

AYAYNN = ƒ " ( *> „ ( * - *^ .v>* *  = f"(kN)kNKskN , 

wheree A indicates a marginal change, and f"<0. The South's GNP is 

PA PA 

-- [fiks) -fUs)ks]L s 

(becausee of the L-worker arbitrage condition), which increases as a result of a fall in co-operation costs 

(whichh raises ks). Total world GDP is thus 

YY - YN+YS = L^kN) + LJ[ks) + \Kks)-Aks)ks}(Ls-LAS) 

andd is increased by a fall in co-operation costs, 
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*Y*Y = ss
KQASt-f"(ks)ks(Ls-LAS)ks, 

bothh because the efficiency of K-work in the South improves and because this reduces the distortion 

causedd by the inability of Southern L-workers to migrate to the North. 
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Tablee Bl Simulationn results 

LOHII  case 

t t 

K,K, L 

wwNN/w/wN N 

L,L, L 

wwNNlwlws s 
K,K, L 

WWNN/W/WS S 

K K 

ssN N 
K K 

sss s 

ssA A 

QAJQA QAJQA 

Southernn A-good-

o=0.5,, 8=3 

tradee balance/GNP 

Northemm real GNP index" 

Southernn real GNP index" 

3 3 

30 0 

2.3 3 

6.8 8 

0.250 0 

0.5 5 

574 4 

0.000 0 

-0.574 4 

100 0 

100 0 

2.5 5 

3.5 5 

2.1 1 

7.5 5 

0.265 5 

0.496 6 

0.583 3 

0.042 2 

-0.526 6 

100 0 

102 2 

2.0 0 

4.2 2 

2.0 0 

8.3 3 

0.283 3 

0.490 0 

0.595 5 

0.095 5 

-0.464 4 

101 1 

105 5 

1.5 5 

5.1 1 

1.8 8 

9.2 2 

0.304 4 

0.480 0 

0.611 1 

0.164 4 

-0.384 4 

103 3 

109 9 

1.0 0 

6.5 5 

1.6 6 

10.3 3 

0.330 0 

0.466 6 

0.636 6 

0.252 2 

-0.279 9 

106 6 

116 6 

0.5 5 

8.7 7 

1.3 3 

11.4 4 

0.362 2 

0.443 3 

0.674 4 

0.365 5 

-0.143 3 

111 1 

129 9 

0 0 

12.1 1 

1.0 0 

12.1 1 

0.401 1 

0.401 1 

0.735 5 

0.503 3 

0.025 5 

121 1 

155 5 

LOLOO case: o=0.5, e=0.125 

t t 

K,K, L 

wwNN/w/wN N 
L,L, L 

wwNN/w/ws s 
K,K, L 

wwNN/w/w5 5 
K K 

ssN N 
K K 

SSS S 

ssA A 

QJQA QJQA 

Southernn A-good-tradee balance/GNP 

Northernn real GNP index" 

Southernn real GNP index3 

3 3 

3.0 0 

2.3 3 

6.8 8 

0.250 0 

0.500 0 

0.574 4 

O.OOO O 

-0.574 4 

100 0 

100 0 

2.5 5 

3.1 1 

2.0 0 

6.3 3 

0.254 4 

0.475 5 

0.553 3 

0.010 0 

-0.540 0 

100 0 

110 0 

2.0 0 

3.2 2 

1.8 8 

5.8 8 

0.257 7 

0.445 5 

0.530 0 

0.022 2 

-0.505 5 

100 0 

123 3 

1.5 5 

3.3 3 

1.6 6 

5.3 3 

0.260 0 

0.412 2 

0.504 4 

0.034 4 

-0.470 0 

100 0 

139 9 

1.0 0 

3.4 4 

1.4 4 

4.7 7 

0.263 3 

0.372 2 

0.475 5 

0.047 7 

-0.434 4 

100 0 

158 8 

0.5 5 

3.5 5 

1.2 2 

4.1 1 

0.265 5 

0.324 4 

0.443 3 

0.061 1 

-0.396 6 

100 0 

183 3 

0.0 0 

3.5 5 

1.0 0 

3.5 5 

0.265 5 

0.265 5 

0.408 8 

0.076 6 

-0.357 7 

100 0 

216 6 
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HIHIcase:: a=1.5, e=3 
/ / 

K,K, L 
WWNNlwlwN N 

L,L, L 
wwNNlwlws s 

K,K, L 

w„/ww„/w s s 
K K 

SSN N 
K K 

SSS S 

SSA A 

QAJQA QAJQA 

Southernn A-good-trade 

Northernn real GNP index* 

Southernn real GNP index* 

3.0 0 

3.0 0 

1.4 4 

4.1 1 

0.250 0 

125 5 

0.450 0 

0.000 0 

-0.45 5 

100 0 

100 0 

2.5 5 

3.0 0 

1.3 3 

4.0 0 

0.249 9 

0.133 3 

0.459 9 

0.034 4 

-0.430 0 

100 0 

102 2 

2.0 0 

3.1 1 

1.3 3 

4.0 0 

0.247 7 

0.143 3 

0.470 0 

0.075 5 

-0.407 7 

101 1 

105 5 

1.5 5 

3.2 2 

1.3 3 

4.0 0 

0.245 5 

0.155 5 

0.484 4 

0.125 5 

-0.377 7 

101 1 

108 8 

1.0 0 

3.3 3 

1.2 2 

4.0 0 

0.241 1 

0.170 0 

0.502 2 

0.188 8 

-0.338 8 

102 2 

113 3 

0.5 5 

3.6 6 

1.1 1 

4.0 0 

0.234 4 

0.191 1 

0.528 8 

0.270 0 

-0.285 5 

103 3 

120 0 

0.0 0 

4.1 1 

1 1 

4.1 1 

0.221 1 

0.221 1 

0.565 5 

0.383 3 

-0.206 6 

106 6 

131 1 

""  Deflated by the 'ideal' price index (the dual of the demand function): a CES function oipA and/?B. 
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