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Abstract 

A key current trade controversy concerns the impacts of international outsourcing on 

wage disparities and employment. To generate new insights into this debate, we develop a 

more relevant framework by extending the traditional trade model in two main directions. 

First, a pure intermediate good exhibiting a positive externality at Home is 

introduced to the traditional two-sector two-factor framework. We show that a normal 

output response to price in final goods is a sufficient but not necessary condition to 

ensure the concavity of the PPF. When Home opens to free trade, the technology 

difference across countries prevents equalization of factor returns, which provides an 

incentive for outsourcing to occur. 

For a large country with flexible wages and full employment, although there is 

always a cost saving, outsourcing could lead to either an improvement or a deterioration 

in the terms of trade. Then the net impact on social welfare is ambiguous as are the 

effects on the wage rates. However, it is possible for outsourcing to boost both countries' 

welfare because the production processes are allocated across borders more efficiently. 

The cost saving and the expansion of the industry with the positive externality lead to a 

net gain to a small open economy despite the fact that wage disparity is enlarged against 

unskilled labor. 

Second, in order to examine the possible effects of free trade and outsourcing on 

employment, a binding minimum-wage constraint is introduced. We show that the 

domestic output response to price now becomes perverse. Relative to autarky, free trade 

leads to an increase (a decrease) in employment when Home exports (imports) the good 

which embodies the economies-of-scale intermediate input. Moreover, we find that 

outsourcing actually raises rather than threatens employment, but it aggravates another 
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distortion by further contracting the industry exhibiting the positive externality. In 

contrast to the implications of free trade, these impacts on production and employment 

are independent of trade patterns. Welfare outcomes are also identified in each case. Due 

to distortions being present in both intermediate good and factor markets, outsourcing 

may yield a net welfare loss to the home country. 
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1. Introduction 

A distinctive feature of the recent evolution of the world economy is cross border 

outsourcing whereby some production activities (physical components or service) are 

performed abroad. Firms in one country try to exploit international differences in factor 

prices by moving production activity offshore so as to reduce the unit cost of final goods. 

Outsourcing is favored not only by a reduction of formal barriers to trade, but more 

importantly by a cut in the cost of linking individual fragments towards final goods. Such 

changes are mainly due to advances in technology and communication between countries. 

During the past 20 years, improvement in information technology has been identified as 

the main reason for the reductions in the cost of cross-border service links, which 

increase the economic incentive for international outsourcing. ' Recent studies have 

investigated this phenomenon with a focus on social welfare, wage disparity and 

unemployment. Theoretical researches on outsourcing predominantly build on traditional 

trade models. Basically, three approaches embodying flexible wages and full employment 

have been followed. 

1. One-sector two-factor models. Feenstra and Hanson (1996 a, b, 1999) underpin 

outsourcing as a factor-biased technology change. They conclude that 

outsourcing of unskilled-labor intensive fragments to unskilled-labor abundant 

countries would increase the demand for skilled labor at both countries, and 

hence results in a decrease of relative wages of unskilled-labor in the outsourcing 

sending country. Similarly, Bhagwati, Panagariya and Srinivasan (2004) show 

that outsourcing labor abroad would increase social welfare as a whole, but in the 

absence of a method of transfer, would benefit the owners of capital while 

1 See Harris (2001) and Jones and Kierzkowski (2001). 
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making workers worse off. Deardorff (2005) assumes that the North has a Hicks-

neutral technological advantage over South in one production activity and that 

final good production takes the Cobb-Douglas function. He finds that if an 

unskilled-labor activity is outsourced at South and North continues to diversify, 

the wage of unskilled labor in the north will fall and the wage of skilled labor 

will increase. However, if factor endowments differ enough to lead to 

specialization, then it is possible for both factors in North to gain from this 

outsourcing. 

2. Two-sector two-factor models. These models are mainly set up in the Heckscher-

Ohlin framework. Arndt (1997), Deardorff (1998, 2001) and Kohler (2002) 

underscore the importance of sector-biased rather than factor-biased technology 

change. For example, if a labor intensive import competing industry in U.S. 

moves some of its fragments to Mexico, this acts like a technology improvement 

in the remaining fragments of this industry. As shown in these papers, for a small 

open economy with constant terms of trade, outsourcing of a labor (capital) 

intensive fragment leads to an increase (a decline) in the wages of the sending 

country depending upon the relative factor-intensity of the outsourced part. This 

is a well-known result from Heckscher-Ohlin model that labor gains from a 

technology improvement in the labor intensive sector. 

3. Specific-factor models. Kohler (2001) analyses outsourcing using a specific-

factor framework with two sectors and comes to different conclusions regarding 

the impact on national welfare and relative wages as compared to the results of 

traditional Heckscher-Ohlin models. In his model, capital is the sector specific 
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factor while labor is a mobile factor. Domestic labor loses if a labor intensive 

fragment moves offshore and international outsourcing may cause a welfare loss 

if the cost of fragmentation includes a fixed element. Moreover Kohler 

highlighted a crucial distinction between outsourcing with and without foreign 

direct investment. 

On the other hand, when the production of those intermediate inputs moves to 

foreign countries, a practical fear at the home country is that jobs will be destroyed and 

unemployment will rise. A number of recent studies have estimated the impacts on the 

US labor markets. Estimate by Forrester Research suggests that there will be job losses 

totaling 3.3 million white collar jobs by the year of 2015, and the prediction by Deloitte 

Research shows that outsourcing will shift 2 million financial-sector jobs by the year 

2009.2 Other estimates by Bardhan and Kroll (2003), that 11 percent of American jobs are 

potentially at risk of being off-shored, have drawn more attention from politicians and 

journalists. However, those authors does not clarify whether the prediction is that the US 

economy will have fewer jobs than it would otherwise have had because of outsourcing 

or that outsourcing will cause those workers to shift from original jobs they have had into 

different jobs. 

While the relation between outsourcing and unemployment has been an important 

issue for politician and the public, not very much careful theoretical analysis about this 

relationship have been conducted. Mitra and Ranjan (2007) construct a two-sector model 

where unemployment is caused by search frictions and they find that wage increases and 

sectoral unemployment decreases, something can be explained by the productivity 

enhancing (cost reducing) effect of outsourcing. Their results are consistent with the 

2 See Drezner (2004). 
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empirical findings of Amiti and Wei (2005 a, b) for the US and the UK, which offer no 

support for the anxiety of "massive job losses" associated with outsourcing. In fact, using 

data on 78 sectors in the UK for the period 1992-2001, Amiti and Wei find a positive 

relationship between outsourcing and employment in many of their specifications. 

Likewise, Mann (2003) claims that subject to outsourcing, a stable or small rising 

employment trend in certain occupational categories such as architecture, engineering, IT, 

business suggests relatively little impact of outsourcing on employment, once 

adjustments have been made for the business cycle downturn. More evidence on job 

losses from other sources suggests that aggregate effect of outsourcing has so far been 

negligible for US, UK as well as other countries.3 

The present study will keep to the traditional concerns, investigating the outsourcing 

impacts on welfare, wage disparity as well as unemployment. However, in contrast to the 

previous literatures, the approach here builds on a framework that involves two factors 

and two final goods with a pure intermediate good which exhibits an output-generated 

external increasing-returns-to-scale (IRS). By this we mean an externality that is internal 

to the industry but external to the individual firms. The two-sector equilibrium with pure 

intermediate goods was original analyzed by Batra and Casas (1973) and Schweinberger 

(1975) where all the industries exhibit constant-returns-to-scale (CRS). On the one hand, 

considerable research have been undertaken using variable-returns-to-scale (VRS) 

production technology in investigating the implications of free trade or political policy 

during the 1970s and 1980s, see Jones (1968), Kemp (1969), Choi and Yu (1984) and 

3 For the case of US, see Bhagwati, Panagariya and Srinivasan (2004); for the case of UK, see Gerd Rohde 
(2007) and for the case of other countries, see Rohde (2007) and OECD research (2006) which found no 
"systematic evidence" that net outward investment of service is associated with a significant decline in 
employment as a result of outsourcing. 
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Panagariya (1980,1981,1986). 

As far as we know, this paper offers the first investigation of equilibrium properties 

in a model that embodies both intermediate goods and VRS, extensions that are justified 

by the following considerations. First, the introduction of intermediate goods permits 

fragmentation of the production process and makes outsourcing feasible. Second, the 

introduction of VRS is both consistent with historical and recent evidence regarding the 

presence of IRS in a variety of industries in the real world and relaxes the strong 

assumptions of the traditional model that have restricted the applicability of that 

research.4 Finally, support for the way that external effects are modeled here can be found 

in Porter (1990) who made a strong case for the existence of output generated external 

effects, especially in relatively skill-intensive industries. 

This model provides a formal basis for outsourcing, offers an explanation for the 

recently observed phenomenon of skilled-labor outsourcing, and also contributes to the 

debate over why an increase in the skill intensive production should occur in the face of a 

rising skilled-labor wage rate. Our model demonstrates that outsourcing one intermediate 

input to a cheaper-cost country may (will) enlarge the domestic wage disparity against 

unskilled labor if the home country is large (small), which offers some support for the 

stylized fact that in recent decades there has been a decline in the relative wage of 

unskilled labor in the US factor markets.5 

While arguably the most important development in recent decades in US factor 

markets is the decline in the relative wage of unskilled labor, by contrast, in European 

labor markets it is undoubtedly the rise and persistence of unemployment. For this reason, 

4 

For historical survey on external economies, see Chipman (1965); for empirical studies on non-CRS, see 
Goldstein and Moses (1973) and Mansfield (1997: 191-192). 
5 See Feenstra and Hanson (1996 a, b); for recent empirical finding, see Geishecker and Gorg (2004). 
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we extend our framework by adding a binding minimum-wage constraint in the 

unskilled-labor market in order to examine the possible effects of free trade and 

outsourcing on unemployment. In doing so, we build our approach on the classic 

minimum-wage model of Brecher (1974a, b). We find that outsourcing has a positive 

impact on employment, but at the same time it aggravates another distortion by further 

decreasing the production of the good with positive externality. Therefore a net loss may 

occur as the final outcome to the home country. 

The paper is structured as follows. Chapter 2 sets up the basic model and introduces 

related assumptions. Chapter 3 analyzes some of the main technical properties of our 

framework for a closed economy. The implications of free trade and international 

outsourcing are examined in Chapter 4 and Chapter 5 respectively, where only the case of 

a normal output response to price in the final goods is considered. To this point, flexible 

wages and full employment have been assumed. In Chapter 6, in order to be able to 

explore the unemployment issue, the model is extended to embody a binding minimum-

wage constraint and related properties are addressed. Chapter 7 and Chapter 8 examine 

the implications of free trade and international outsourcing respectively with a focus on 

employment. A brief conclusion follows in Chapter 9. 



2. The Basic Model and Assumptions 

Assume a perfectly competitive economy in which firms maximize profits, which are 

driven to zero in equilibrium. Two primary factors, skilled labor S and unskilled labor L , 

are used in the production of two commodities X, Y and one pure intermediate good Z , 

which is produced solely to serve as an input in the final production of good X. The 

production of good Z by a representative firm in that industry is assumed to depend on 

the inputs employed by that firm and to be positively related to the industry output level. 

Technology in industry Z therefore exhibits IRS which is an industry-specific output 

generated external effect, and this effect is external to the individual firm while internal to 

the industry. Perfectly inelastic factor supplies, full employment, flexible factor prices as 

well as perfect factor mobility between industries but perfect immobility between 

countries are also assumed. The production functions of these three goods are 

X = FX(ST,LT,Z), (1) 

Z = FZ(SZ,LZ,Z), (2) 

Y = F"(SY,LY). (3) 

Here, FY (•) is strictly quasi-concave, positively linear homogeneous with positive 

marginal products of each input and satisfies the Inada conditions. The notation \SY,Ly) 

represents the skilled and unskilled labor used in the production of good Y, whereas 

(.Sj,,^) and (.SZ,Z/Z) reflect particular characteristics of the production processes 

Fx (•) and Fz (•) respectively, which we now investigate in more detail. 

Consider the production of good Z first. Here we capture the desired external 

economies outlined above by rewriting (2) as 

7 



Z = g(Z)z(Sz,Lz), (2.1) 

where z(») possesses all the properties described for function FY (•), and ^Sz,Lz"j is the 

skilled and unskilled labor used in the production of good Z . The economies of scale 

g(Z) > 1 have — > 0 that implies a positive elasticity s of the external effect, which 
dZ 

dg(Z) Z 
is given by and is assumed to be a constant. We assume that s < 1 which 

dZ g(Z) 

ensures that a higher output of good Z requires more factors than a lower production 

level of that good. 

The specification of the production technology for good X, which allows for the 

possibility of outsourcing part of the production process, is necessarily more complicated. 

Define T^Sj.,^) as a physical measure of the value-adding process used with 

intermediate good Z to produce final good X . Given constant-returns-to-scale (CRS) 

production technology T(ST,Lj.) is also strictly quasi-concave with positive marginal 

products of each input and satisfies the Inada conditions. Let the unit price of T be V, 

which, by cost minimization, is equal to aTSWs+aTLWL. Here aTj,i = S, L denotes the 

quantity of each type labor required to produce one unit of T and Wf,i = S, L denotes 

the wage rate for respective factor. We assume that the production of good X is a 

costless assembly process of the two intermediate inputs T and Z , and uses them in 

fixed proportions. Without loss of generality, it is assumed that each unit of good X 

requires one unit of T and XIa unit of Z .6 Therefore, the production function of X can 

6 To keep the analysis tractable, we follow the standard literature—e.g. Batra and Casas (1973) and 
Deardorff (1988)—in assuming Leontief production technology using T and Z to produce final good X . 
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be written as 

(4) 

where a represents the fixed Leontief input coefficient and is given by 

a = ZIX. (5) 

Therefore, one unit of good X generates a gross revenue Px and a net value-added 

V = Px - aPz, where Px and Pz are the unit prices of X and Z respectively. 

Of the three production activities, as long as good Y is assumed to be the least skill 

intensive, then the ranking of skill intensity of T and Z will not affect any results of the 

mathematical derivations below. 7 However, taking into account Porter's (1990) 

justification for the existence of output generated external effects in relative skilled-labor 

intensive industries, the ranking of skill intensity of these goods is therefore assumed to 

be kz > kT > kY , where kt =SJLt; i = Z,T,Y . It is also assumed that factor intensity 

reversal does not occur and that the endowment ratio lies between the skill intensity of 

industries Z and Y . 

CRS production technology and perfect competition require that the prices of goods 

X and Y are equal to the average (unit) cost as reflected in (6.1) and (6.2). The 

assumption that the IRS is external to individual firms allows us to maintain the 

assumption of perfect competition, so that good Z is still priced according to unit cost, 

which is shown in Appendix A\ .8 The unit cost of each good reflects market price as in 

7 If industry Y is assumed to be the most skilled-labor intensive, then the technical properties derived in 
Chapter 3 will be quite different. In the open economy situation, home will not outsource T because now it 
costs less to produce at home. 
8 See Helpman (1985). 

X = min T(.) z(-) 
a 
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(6.l)-(6.3): 

aTSWs+aTLWL+aPz=Px, (6-0 

arsWs+aYLWL=PY, (6.2) 

azSWs+azLWL=Pzg(Z), (6.3) 

where atj denotes the quantity of factor j(=S,L) required to produce a unit of good 

i(=z,T,Y) . Using Lerner diagram to describe (6.1)-(6.3), the only difference, in 

contrast to the standard CRS case would be that, instead of price Pz , Pzg[Z) is the true 

price for the factor index zySz,Lzj in industry Z . Thus, the dollar's-worth isoquants of 

z, T and Y correspond to output quantities 1/Pzg{Z), XIV and XIPY respectively as 

illustrated in Figure 1. Here co denotes the wage ratio in terms of unskilled labor, which 

is WSIWL. 

Full employment conditions are specified in (7.1) and (7.2) to complete the 

production side of the model. 

ST +SZ +SY = aTST + azSz + aYSY = S, (^-1) 

LT+LZ+LY = aTLT+ azLz + ayiY = L. (^-^) 
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Figure 1: Lerner Diagram: Modified for the Presence of an Externality 

I'JPrff*) 



3. Some Properties of the Model 

3.1 The Slope of the Production-Possibility Frontier (PPF) 

It was first shown by Vanek (1963) that the slope of the net transformation curve 

equals minus the commodity-price ratio when some of the final products also serve as 

intermediate goods. Batra and Casas (1973) also show that this result holds when there is 

a pure intermediate good which exhibits CRS and is not identical with the final goods. 

However, in the present model with the pure intermediate good having an output-

generated external effect, this would no longer be true. The non-tangency between the 

price line and the PPF due to VRS technologies associated with external economies of 

scale was originally addressed by Kemp (1964, Ch8; 1969, Ch8). 

The locus of the PPF is determined by maximizing the output of one good subject to 

production technologies and endowments, while holding the output of the other good 

constant. Therefore, the optimization problem can be written as 

max F Y ( SY, LY ) subj ect to 
L.y I ^ T j ' Jy )^>T •>£ 

X = T(ST,LT), (8-2) 

Z = aX, (8.3) 

Z = g{Z)z(Sz,Lz)t (8.4) 

S=ST + SZ+SY, (8.5) 

L= LT+LZ+LY. (8.6) 

Constraints (8.2) and (8.3) restate the fixed-proportion relationships of the Leontief 

technology for production of good X as described by (4). Equation (8.4) rewrite the 

production function of good Z as in (2.1) and the last two equations are the full 

12 
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employment conditions for S and L . Following this, the Lagrangian function is as 

follows 

L = FY(SY,LY) + y[X-T(ST,LT)] 

+ y/[Z-g(Z)z(S-Sr-SY,L-LT-LY)~] + Z;[Z-aT(ST,LTy\. 

It is shown in Appendix A2 that the slope of the PPF can be derived from this 

maximization process and is given by 

dY 

dX 

Fl t F{a[\-g\Z)z] 
+ 

T, 
V 

(9) TL g(Z)zL 

Here F[ denotes the marginal product of unskilled labor in the production of good Y, 

while the remaining terms TL and zL are defined in the same manner and represent the 

partial derivatives of !"(•) and z(») with respect to L respectively. Profit maximization 

requires equality between the value of the private marginal product and the return to that 

factor, which yields the following equations: 

VTL=WL, 

Pzg(Z)zL=WL, (10) 

PyFl=WL. 

Substituting (10), (2.1) and (5) into (9), it is easily derived that 

dY 

dX 

(PX ^ 
——as — 

\Py Py J 

(11) 

Given that e > 0, equation (l l) indicates that the slope of the PPF at a particular point is 

less in absolute value than the associated price ratio, which implies that the price line 

should be steeper than the PPF if good X is measured on the horizontal axis while good 

Y is measured on the vertical axis. This reflects the fact that an expansion of a firm in 
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industry Z generates a positive externality on other firms in that industry, so that the 

private (firm-level) marginal product of each factor is smaller than the social (industry-

level) marginal product. From the viewpoint of socially optimal endowment allocations, 

this deviation leads to under-employment of factors in industry Z 5 as well as in industry 

X because of the fixed-proportion relationship. 

When the price line is tangent to the PPF, the curvature of the PPF can be inferred 

from the output response to price. That is to say, the PPF is locally strictly concave or 

convex to the origin as the output response to price is normal or perverse. However, 

whenever a non-tangency occurs, this argument does not necessarily hold any longer. We 

will revisit this curvature issue in section 3.5. 

3.2 Basic Relationships 

Totally differentiating (7.1),(7.2) and (6.1)—(6.3) , and making appropriate 

substitutions, we obtain the following equations which are central to the subsequent 

analysis: 

[Ars+Azs(l-£)]X + AYSY = S + Rs(ws-WL), (12.1) 

[ATL+AZL(\-£)]X + AYLY = L-RL(WS-WL), (12.2) 

« + # r A + ^ 4 = 4 , (12.3) 
eYSWs+9YLWL=PY, (12.4) 

OzsWs+0ZLWL -Pz=ze/(l-e). ^ 

Here, Rs = ATS
 x ^T + Azs6ZLaz + lYS6YLaY , RL = An

 x T^T + AZL9zsaz + AYLBYSaY and a. 

is the elasticity of substitution between skilled labor and unskilled labor in production 

See Appendix A3 for the mathematical derivations of equations ( l2. l)-( l2.5) . 
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i(=Z,T,Y). The "hat" notation denotes the proportionate change of a variable, so that 

X = dX IX and P = dP IP. Since co is defined as the wage ratio in terms of unskilled 

labor, it follows that cb = Ws-WL. The coefficient Rs is the aggregate percentage saving 

in skilled labor with a one percent rise in the relative wage ratio at unchanged output 

levels, while RL in (12.2) is defined similarly. When co increases, Rs measures the 

saving from the adjustment to a less skilled-labor intensive technique in both industries. 

Coefficient Xtj denotes the fraction of factor j employed in industry i while #.. refers to 

factor y's distributive share in industry /. , 0 Equations (I2.l)-(l2.5) simply generalize 

Jones's (1968) algebra to allow for intermediate goods. Moreover, this system of 

equations would collapse to those equations in Jones (1965) if we set £ = 0 and drop the 

intermediate good Z . 

Note that the term on the right-hand side of (12.5) would disappear if there is no 

externality in industry Z and taking s = 0 we can simply solve for Pz. By substitution 

of Pz into (12.3), equations (12.3) and (12.4) now constitute a system relating factor 

returns and commodity prices which indicates that factor returns are uniquely determined 

by commodity prices even in the presence of the intermediate good. This is well known 

as Samuelson's one-to-one correspondence. However, given that s > 0 in the present 

model, this simple relationship no longer holds. As z would appear in (12.3), in addition 

to the effect of commodity prices, the wage rates are also dependent on the external effect 

and the output level of good Z . Similarly, the externality also influences the 

10 For example, /L, = ̂ —, 97S = a^ \ _ 
^ S zs Pzg{z) 



16 

X-weighted equations (12.l) and (12.2) through term s. Therefore, the basic duality 

feature of CRS technologies is no longer assured. 

We shall now take the analysis a further step by considering whether the Stolper-

Samuelson and Rybczynski Theorems hold within our more general model. 

3.3 The Stolper-Samuelson Theorem 

Under CRS technologies the relationship between commodity prices and factor 

returns is summarized by the Stolper-Samuelson Theorem, which states that a rise in the 

price of a commodity raises the relative and absolute (real) return to the factor used more 

intensively in the production of that good while lowering the absolute reward of the other 

factor. However, this relationship does not necessarily hold in the present model. This is 

addressed in detail as follows. 

First, substituting the fixed endowments condition S = L = 0 into (12. l) and (12.2), 

we can derive 

* = &{*>-*>)' (13-1) 

Y = -£r(ws-WL\ (13-2) 

Here /JX = RsXyL + RLXyS, //y = RL (Xj.s + Xzs (l-s)) + Rs [XrL + XZL (l - £•)) and both terms 

are positive. Coefficient \X\, the determinant of Xy in (12.l) and (12.2), is given by 

(XTSXyL-XTLXYS) + (l-s)(XzsXyL-XZLXyS) . Recalling that the ranking of the skill-

intensity is assumed to be kz > kT > kY , it is straightforward to show that \X\ > 0 . In 

addition, we can obtain the following equation derived from (,43.3') and (,43.4') in 
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Appendix A3: 

z = (\-e)X. (14) 

Using (14) we rewrite (13.1) as 

£ ,_£jux Z = ^f-(WS-WL). 
l-e U 

(15) 

Substituting (15) into (12.5) and solving for Pz yields 

Pz = 9. zs ws + &ZL + Ul w, (16) 

Then substituting Pz into (12.3), we can now rewrite (12.3) and (12.4) in the following 

manner: 

«+«=^ X' 

d'^w^e'jv^p,. 

(17.1) 

(17.2) 

Here we define 0' as the two-by-two matrix: 

G' = 
UXS UXL "TS

 + ®xz e. zs 
Wx 
Ul 0TL+&XZ 8ZL + 

£/Ux 
w 

0, YS ft YL 

If every industry exhibits CRS, each 6'^ii = X,Y; j = S,L) is positive reflecting the 

positive effect of a one percent rise in factory 's price on the average cost (unit price) of 

producing commodity /'. However, with the externality in industry Z , the situation is not 

so straightforward. From inspection of the elements of 6', we can see that in addition to 

the direct effect of a change in factor prices on the unit cost, there is an additional indirect 

effect due to the externality, captured by the term £JUX/\A.\ in coefficients 0'xs and 6'XL. 
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Both coefficients are only related to good X, which uses the IRS intermediate good as a 

production component. This is because changes in factor prices induce a change in the 

skill-intensity of each industry which would affect the composition of outputs in a full-

employment model. However, due to the externality and in contrast to the standard CRS 

model, any change in output of good Z ( X ) here has a further impact on unit cost. 

Given that a/j.xJ\X\ is positive, the sign of 0'xs is therefore ambiguous whereas the 

signs of all other 0'^s are clearly positive. In the event that 0'xs is negative, this would 

imply that the external effect is so great as to outweigh the direct effect of a change in Ws 

on the unit cost of producing good X. Solving (17. l) and (17.2) for Ws and WL, we 

obtain 

ff p —ff P 

ws = 

wL 

'YLX X "XL±Y 

\0'\ ' (18.1) 

-e'YSPx+0'xspY (i8.2) 

where \0'\ denotes the determinant of matrix 6' and is given by 

£Px \0'\ = (0^6^ - 6TL0YS) + 0^ (0^0^ - 0ZL0YS) - 0XZ -r-f • (19) 

Bearing in mind that factor shares must sum to unity, we may rearrange terms in (19) in 

the following alternative ways: 

0 = 0TV + 0V707Q — OVr. — 0 
'TS ' ^xz^zs wrs "xz A ' (i9.i) 

0 \ = 0YJ — 0Y7071 ~ 0TI ~ 0Y7 ~~i T - V I 'YL ^XZ^ZL "TL "XZ i ~ 
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CI I 

With respect to (19) we already know that &xz\7f~ ^s positive and given the u 

ranking of the skill-intensity, the first two terms {6TS@YL ~@TL@YS)
 an<^ 

®xz {PZS®YL ~@ZL@YS)
 a r e a^so positive. Because of the negative sign preceding the final 

term, the sign of \9'\ is therefore ambiguous. Here, we exclude the case of |<9'| = 0 which 

would result in both Ws and WL being undefined in (l8.l) and (18.2) respectively. By 

way of interest, the case \9'\ = 0 would imply the situation where the effect of a 

percentage change in the wage ratio co has no effect on the relative commodity price. 

Define P as the relative price of good X in terms of good Y, therefore we have 

P = PX-PY. Using (19.1) and (19.2), we can derive the following equations from 

(18. l) and (18.2), which describe the change in the real return of each factor and the 

change in the wage ratio co respectively as the commodity price ratio changes: 

\Px J 

p 

p 
\rx J 

VPY J 

= WS-PSA{PK-P,)AP, 6^XL 

&\ 

9'\ 

9V, = WL-P=-^(px-PY) = -^TP, 
L X lff \ X Yj M 

9VV 
= Ws-PY=-pL(Px-PY) = -^P, 

S Y \ff x\ X Y) xffx 

CO = W,-Wj =-r^(Px-PY) = r^P. 
s L \ff\\ x Y> \0'\ 

(20.1) 

(20.2) 

(20.3) 

(20.4) 

(20.5) 

It is known from the discussion above that 9' 9YS and 9'YL are positive whereas the 
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signs of 0'xs and \0'\ are uncertain. From inspection of the elements of 6', it is clear that 

0'xs > \B'\, leading to the following possibilities. 

Casel: 0'xs >|0'|>O 

If the commodity price ratio P increases, both the real return (in terms of either 

good) and the relative return to skilled labor will increase, whereas the real return and 

relative return to unskilled labor will fall. The Stolper-Samuelson Theorem holds in this 

case. 

Case2: 0'XS>O>\0'\ 

In this case if the commodity price ratio P increases, the real return to skilled labor 

and the relative wage a> will decline, whereas the real return to unskilled labor will rise. 

This implies that the Stolper-Samuelson Theorem is reversed. 

Case 3: O x ^ ^ ' l 

In case 3, with the exception of the term 
\Px J 

, all other terms follow the 

conclusions obtained in case 2. Here, the real return of one factor does not necessarily 

change in the same direction as the relative return of that factor whenever there is a 

change in the price ratio. For example, an increase in the commodity price ratio P 

lowers the real return to unskilled labor in terms of good X but raise the relative return 

in terms of skilled labor. 

The above discussion implies that the condition \0'\ > 0 is necessary and sufficient 

for validity of the Stolper-Samuelson Theorem. Insight into these possibilities may also 
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be easily explained by reference to the Lerner diagram. Recall that Px = V + aPz and 

total differentiating this equation with respect to a> yields 

dPv dV dP7 
• + a-

dco da da 
(21) 

( dV 
The fact that an increase in wage ratio co raises price V > 0 

V da 

cannot ensure a 

. . dP dP 
positive —— because the sign of —— is indeterminate due to the externality. To see why 

da da 

this indeterminacy arises, we use the following expression from Komiya (1967): 

d(Pzg(Z)) fT (kz-kY)^ 

dV fz [kT - kY) 
(22) 

( s ̂  
where fz(.)S2 \,f- , fT{-)^T 

V Lz J V ^T J 

The right-hand side of (22) is positive 

because good Y has been assumed to be the least skilled-labor intensive. Rearranging 

terms we may rewrite (22) as 

dP, 1 fT {h-K) D dg(Z)dZ 
- P , 

dV g(Z)[fz (kT-kY) dZ dV 
(22') 

The sign of , as with the sign of , is positive due to the Leontief production 
dV dV 

ii dg(Z) dZ 
technology. The term Pz —-— incorporating the external effect is also positive 

dZ dV 

and therefore acts in opposition to the original effect on Pz identified by Komiya of a 

11 See Appendix A4 for the mathematical proof. The intuition for this is straightforward. Given the CRS 
production technology the output of T is positively related to the price V. The output of good Z must also 
change whenever T changes because of the fixed proportion relationship. 
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dP 
change in factor prices. The sign of —— is therefore ambiguous depending on which 

dV 

term in the bracket dominates. Simple manipulation of (21) yields 

dPv dV 

dco dco 
l + a-

dV 

dP dV 
which indicates that the sign of —— is uncertain given that is positive and the sign 

dco dco 

of —— is ambiguous. 
dV 

3.4 The Rybczynski Theorem 

In the standard trade model, the effects of a change in factor supply on commodity 

outputs at constant factor prices are the same as the effects at constant commodity prices, 

where the latter case is referred to as the Rybczynski Theorem. This equivalence is 

because Samuelson's one-to-one correspondence principle holds with CRS technologies. 

However, as shown in the previous section, the Stolper-Samuelson Theorem may now 

fail and a particular commodity price ratio may be associated with more than one factor 

price ratio. In this situation, the choice of which price ratio is held constant does matter. 

Before we proceed to examine the validity of the Rybczynski Theorem in the present 

model, it is of interest to explore the different responses to a change in factor supply 

when different price set is assumed to be constant. As a preliminary step, we consider the 

effects of a change in the endowments at constant factor prices. Setting Ws = WL = 0, we 

can rewrite (12.1) and (12.2) as 
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AXSX + XYSY = S, (12.1') 

AXLX + 17LY = L (12.2') 

Here, we define k as the two-by-two matrix: 

1 = 
^rs+^zs{^-~s) K 

J ATL+AZL{l-£) X^^ 

It has already been shown that the determinant |/t| is positive and given that 0 < E < 1, 

each coefficient AtJ (/ = X,Y;j = S,L) must also be positive. This implies that no factor 

is "inferior" at constant factor prices because an expansion of any good requires an 

increasing demand for both factors. Solving (12.T) and (12.2'J for X and Y, we 

obtain 

X~ \A\ ' (23- !) 

fT=['*™+Azs(1-£)]l'-[ATL+AzL(l-£)]S (23.2) 
| l | 

Equations (23.1) and (23.2) clearly demonstrates that the effects on commodity outputs 

of a change in factor supply at constant factor prices are normal as in the traditional trade 

model. It follows that an increase in the supply of skilled labor raises the output of good 

X which intensively uses skilled labor, but decreases the output of good Y. 

The Rybczynski Theorem states that, given constant commodity prices, an increase 

in the supply of a factor results in an expansion of the industry which uses that factor 

more intensively and a contraction of the other industry. In contrast to the above case we 

will now show how the externality generates different results for this situation where the 

commodity prices are held constant. Setting Px=PY=0 and using (16) , we rewrite 
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(12.3) and (12.4) as 

{OTS+^zs) ws+[eTL+e^) wL = e^sx, 

Solving for Ws and WL, we obtain: 

(24.1) 

(24.2) 

Ws-WL=0a 
sX 

W 

where the determinant \6\ is positive and is defined as 

\6\ = (OrsO^ - OTL0ys ) + &XZ {?7S®YL ~ QzL^YS ) • 

By inspection of (19) and (26), we have the following relationship: 

(25) 

(26) 

\m=\ff\+9. xz Ul 
(26.1) 

Substituting (25) into (12.l) and (12.2) yields: 

A'xsX + ̂ ysY — S, 

^'XLX + KJ' - L-

Here, we define U as the two-by-two matrix: 

k' = ^xs ^rs 

f Q e \ 

(27.1) 

(27.2) 

Each coefficient Mtj (i = X, Y;j = S,L) represents the change in demand for factor j 

due to an expansion in industry / at the constant commodity prices. Due to the externality, 

holding commodity prices constant here does not necessarily ensure the factor prices to 

be constant. Any output change of good X has a direct impact on factor prices through 
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the external effect, which leads to changes in the skill-intensity of each industry and the 

composition of outputs. In the absence of any other effects, a change in the composition 

of outputs will in turn affect the factor returns. In order to maintain constant commodity 

prices, there must in general be a compensating change in factor returns to offset the 

initial external effect of output change on commodity prices. 

Inspecting matrix X', it is straightforward that A'XL,A^S and A^ are positive which 

have the normal explanations as in the standard model, whereas the sign of A'xs is 

uncertain. In the event that A'XS is negative, this would imply that the external effect of an 

increase in output of X[Zj on unit cost is so strong as to require that the change in 

factor returns releases even more skilled labor in industry X in order to keep constant 

commodity prices. The consequence is that an expansion of good X needs less skilled 

labor, intensively used in that industry. Solving (27.1) and (27.2) for X and Y, we 

obtain 

Y _ KJ>~KsL (28.1) 

I i 'I ? 

v _ A-XSL ~ AXLS 

\X\ ' (2 8-2) 

where |Aj denotes the determinant of matrix k' and is given as follows: 

\A'\ = (ylrsAyL ~ KL^YS ) + (1 ~ £)\KSKL ~ KLKS ) ~ &xz ~T^~ > 
\ \ 

13'I — 131 a £^x 

\A — \A\ — OYV ~~i—i~• I I I I AZ | 0 | 

Using (26.1) , we may rewrite |/T| more compactly as: 

file:///KsKl
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U'=ULi . (29) 
1 ' \9\ v ; 

Recall that both |/t| and \9\ are positive, the sign of \X'\ will be determined by the sign 

of \0\. The value of the determinant \A,'\ must be non-zero since the case of \d'\ = 0 was 

excluded in the previous section. Therefore, in contrast to the standard model, the 

validity of the Rybczynski Theorem here depends on the signs of A'xs and \X\. From 

inspection of the elements of X' it is clear that X^ > |/T|, which leads to the following 

possibilities. 

Case 1: \9'\ > 0 => \X'\ > 0 and \X'XS | > 0 

Equations (28.1) and (28.2) demonstrate that an increase in the supply of skilled 

labor while holding the supply of the other factor fixed I leads to an 

expansion in industry X and a contraction in industry Y. On the other hand, if there is an 

increase in the supply of unskilled labor (S = 0,L > 0), then the reverse results will occur. 

In this case, the Rybczynski Theorem holds. 

Case 2: \ff\ < 0 => \X\ < 0 and | ^ | > 0 

In this case, there will be an expansion in industry Y and a contraction in industry 

X if there is an increase in the supply of skilled labor IS > 0,L - 0]. An increase in the 

supply of unskilled labor (s = 0,L > 0) would raise the output of good X and decrease 

the output of good Y. This implies that the Rybczynski Theorem is reversed. 

Case 3: |<9'| < 0 => U'l < 0 and \X'XS\ < 0 
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The change in factor supplies has asymmetric impacts on the production of each 

good in this case. An increase in the supply of skilled labor (s >0,Z = 0] yields a 

reversed Rybczynski effect as in case 2, where the output of good X declines and the 

output of good Y increases. However, an increase in the supply of unskilled labor 

S = 0,L > 0) leads to an expansion in both industries X and Y where the Rybczynski 

theorem holds for good Y but fails for good X. 

The above discussion shows that a positive sign of \A!\, which requires that p > 0, 

is necessary and sufficient for validity of the Rybczynski Theorem. Which of the above 

cases occurs depends mainly on the strength of the external effect, the proportion 

coefficient a and the skill- intensity in each industry. 

3.5 The Output Response to Price and the Curvature of the PPF 

In this section we will first show that the output response to price of the final goods 

is normal if and only if the condition |#'| > 0 is satisfied. Second, we will show that a 

normal output response to price of the final goods is only a sufficient condition for 

concavity of the PPF. 

Taking good Y as numeraire to set PY = 1 and PY = 0 , then Px and Pz equal the 

relative prices of goods X and Z in terms of good Y respectively. Following this, we 

can rewrite (18.1) and (18.2) as follows: 
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^=^gp (18.1') 

W __#YSPX (18.2') 
WL~ \9'\ • V } 

A A 

Substituting Ws and WL into (13.l) and rearranging terms, we have 

Px=ULAx, (30) 
Mx V ; 

4 = ^ - ( | A | | ^ | - ^ ^ ) l , (30') 

where (30') is obtained by simply substituting (26.1) into (30). Given all the positive 

coefficients, it is straightforward to see from the above two equations that \0'\ > 0 is 

equivalent to y^^ — Q^s^ > 0 . Both are equally valid conditions to yield a normal 

output response to price for the final goods. 

Similarly, the output-price relationship for the intermediate good Z can be derived 

by substituting (18.1'), (18.2') and (30) into (16): 

Pz = X\W\-s^ix X, (31) 
Vx 

where \0* =(^Z5^K -0ZL0YS)>Q and the sign of the overall coefficient in (31) is 

therefore ambiguous. In addition, the condition \0'\ > 0 ensuring a normal output 

response to price for the final goods does not imply a normal output response to price for 

the intermediate good. 

Now, recall that (l l) describing the slope of the PPF is given by 
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— = -{Px-asP7). (11) 
dX V X Z> K ' 

dY 
Normal ly , the sign of the derivative of wi th respect to X is used to determine the 

dX. 

curvature of the PPF. Differentiating ( l l ) wi th respect to X and recall ing the 

assumpt ion that s is constant, w e shall obtain 

d2Y 

dX2 

dPy dP7 
• Ed- Z 

dX dX 
12 (32) 

dzY dPv , dP z Clearly, the sign of is determined by the signs and magnitudes of —— and 
dX2 dX dX 

respectively which can be derived by simply rearranging the terms in (30') and (31) :13 

dK '-(l*l)v+-(l*1-^)4- <3 3 J) x 
dX jux '̂ ' ' X [j,x

 v ' ' ' X 

(dly I / | ^ | J s^fi | \ 1 J 

( | A | | 0 * | - ^ ) ^ , (33.2) 
dX jux

 v• ' ' ' X 

where e = 0TS0YL-dTL9YS > 0 . 

We are now going to show that a normal output response to price of the final goods 

is only a sufficient and not a necessary condition for concavity of the PPF in the present 

model. Here, no restriction is placed on the sign of (3l). Substituting (33.1) and (33.2) 

into (32), we obtain the key equation for the discussion here: 

ds 
12 A constant e implies = 0 which, as shown in Appendix A5, is satisfied if the external effect takes 

U-A 

an exponential form. 
13 It is clear that the two signs are crucially dependent on many parameters, such as the external effect, the 
elasticity of substitution and the skill-intensity in each industry. We shall explore later in Appendix B the 
consequences of some special cases where these parameters are taking extreme values. Here however, our 
focus is on the general situation. 
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d2Y 

dX2 ^-(WH)f-+(i-^)^(WK|-^x) 
X 

(34) 

It is clearly noticed that the only differences between (33.l) and (34) are in the 

overall sign and the presence in (34) of the term (l - e) which is less than 1. Therefore, 

dP 
if the sign of —— in (33.1) is positive (a normal output response to price), then the sign 

cLX 

d2Y 
of j in (34) must be negative (the overall sign of the terms in the square bracket is 

dX 

positive) and the PPF will be concave. However, because the possibly negative 

component in (34) is smaller (due to the presence of (\-s) ) than that in (33.1) , 

concavity (a positive overall sign of the terms in the square bracket in (34)) may occur 

dP 
even if the sign of —— in (33.1) is negative.14 To put this in another way, when the 

(IX 

output response to price of the final good is perverse, we cannot unambiguously 

determine whether the PPF is concave or convex. 

The results above are partly consistent with the conclusion drawn by Herberg and 

Kemp (1969). These authors show that a sufficiently strong IRS or a weak IRS is not a 

sufficient condition for the PPF to be convex or concave. Also, a normal (perverse) 

output response to price is not a necessary condition for concavity (convexity). In our 

model we conclude that the condition \6'\ > 0, necessary and sufficient for validity of 

14 From inspection of equations (33.1) and (34), we know that this situation can only arise when the 

following inequality is satisfied: 

taPz 

X nx V '" V X MxV ' X 
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both the Stolper-Samuelson and Rybczynski theorems, would yield a normal output 

response to price, which again is also the sufficient condition for concavity of the PPF.15 

However the reverse conclusion does not necessarily hold. 

3.6 Multiple Production Equilibria 

The analysis undertaken so far has demonstrated first, that the PPF may lose 

concavity due to the economies of scale and second, that the PPF is strictly convex to the 

origin in the neighborhood of X = 0 and is strictly concave in the neighborhood of 

Y = 0,16 As previously shown by Kemp (1969) and Panagariya (1981), where a PPF has 

these properties, there may be more than one production equilibrium consistent with a 

given price ratio. In Figure 2 we have characterized the three situations, first where a 

price ratio Px is associated with two incompletely specialized and one completely 

specialized production equilibria, second where a price ratio P2 is consistent with two 

completely specialized production points and third where a price ratio P3 is associated 

with an unique production equilibrium involving complete specialization in good Y .X1 It 

is also known from this previous literature that in the three equilibria case associated with 

Px, the equilibrium E2 is unstable while both Ex and E3 are stable. 

As we extend our analysis to an open economy framework, in order to maintain the 

focus on the implications of outsourcing in the presence of externality, we shall not 

consider the complication of multiple production equilibria but limit our attention to the 

15 Under the condition l '̂l > 0 the PPF is concave with the exception in the neighborhood of Y = 0. As 

mentioned in footnote 14, this special case is discussed in Appendix B 
16 See Appendix B for a formal proof. 
17 See Bhagwati, Panagariya and Srinivasan (1998, Chapter 11), and Kemp (1969, Chapter 8). 
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Figure 2: Multiple Production Equilibria 
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situation where the final good's output response to price is normal. This would require 

that |#'| > 0 which is also sufficient to ensure that we are operating on the concave 

portion of the PPF. 



4. Free Trade in Final Goods 

4.1: The Absence of Factor-Price Equalization 

Where it is necessary to distinguish between home and foreign variables, we shall 

denote the foreign variables by an asterisk (*). For simplicity, we often use the names 

Home and Foreign to denote the home and foreign countries, respectively. Now assume 

•I Q 

that the two countries have the same endowments and three comparable industries 

producing the same goods, but there is no an output-generated externality in industry Z* 

at Foreign.19 This is consistent with Porter's (1990) observation that clusters which 

generate industry-specific externalities are often located only in certain countries. 

Without any difference in technology (g[Z)-g*(z*)>\) cross countries, an 

endowment difference alone could also lead to a factor-return differential and an 

incentive for outsourcing (as discussed in Footnotes 18 and 19). However, for simplicity 

and without loss of generality, we shall limit our analysis to the current specification 

which is sufficient for our purpose to drive un-equalized factor returns cross countries. 

18 In the present model with g(z)> g* (z* J = 1 for any given Z-Z* and with the externality being skill 

biased, an endowment difference would reinforce the effect of the technology difference in each of the 

following two cases: (1). S/L >S*/r with S > S'; and (2). S/L =S'/L* > 1. This reinforcement would 

lead to an even more pronounced difference in factor returns and unit costs of the intermediate inputs under 

free trade. Only when Home is assumed to have more unskilled labor, will the effect of the endowment 

difference on factor returns tend to offset the effect of the technology difference. 

19 This special case of g' (z*) = 1 is sufficient for our present purposes of investigating outsourcing driven 

by un-equalized factor returns which is brought about by technology difference. By way of interest, if we 

relax the assumption g" \Z* J = 1 within the current framework, as long as g(Z) > g* \Z* J for any given 

Z = Z* our results in this section will be unchanged qualitatively. Conversely, if g(Z) < g* (Z*j, then the 

home country will have a lower V in free trade and the outsourcing direction will be reversed in the 

subsequent section. However, if g(Z) = g* (Z* j> 1 for any given Z = Z", an international factor-return 

differential (like the one in the present framework) would arise from the endowment difference considered 
in Footnote 18. 

34 
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It is also assumed throughout that both commodities X and Y are normal goods. 

Which good is exported in free trade depends as usual on the autarky price ratio relative 

to the foreign price ratio, both ratios being determined by the production technologies, 

the endowments as well as the demand sides. A specific solution cannot be obtained 

unless these factors are specified. 

The normalization PY = 1 will be retained for simplicity and, as indicated above, the 

assumption \ff\ > 0 is adopted in order to ensure that we are operating on the concave 

portion of the PPF. We shall also assume the intermediate good Z to be non-tradable, 

which can be justified in at least three ways. First, due to the technology difference 

across countries, free trade in both final goods as well as the intermediate good Z is not 

consistent with the situation where both countries remain diversified in the production of 

all three goods. Second, in order to protect the technology advantage embodied in the 

production externality, the home country might decide not to export good Z directly 

except as a component of the final good X. Third, Z can be interpreted as headquarter 

services of skilled labor in in-house activities (e.g., in Silicon Valley) at Home, while T 

is the unskilled component outsourced to Foreign. 

In our model, if both countries have the same wage ratio a>, the relative price Px 

will be lower at Home. Equivalently, if both countries have the same price ratio Px, the 

domestic co will be higher. To see this, choose an arbitrary wage ratio a> = a>*, so that in 

a Lerner diagram (like Figure 1) the three dollar's-worth isoquants of z, T and Y must 

be tangent to the same isocost line in both countries. The isoquants of T and Y have the 

standard interpretations associated with CRS technologies, which indicates that both 
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countries have the same prices V and PY. The only difference is that the isoquant of 

intermediate good Z is \l Pzg{Z) at Home with g ( Z ) > l and is II Pz abroad with 

g(z*) = l.20This would simply imply that PZ<PZ. Recall that Px =V + aPz, so that, 

given the same V in both countries, the domestic price Px must be lower than the 

foreign price. Since this argument holds for every single value of co, the relationship 

between co and Px can be described by a continuous curve for each country as shown in 

Figure 3, where the commodity price ratio Px is measured on the horizontal axis and the 

wage ratio co is measured on the vertical axis. 

Here, we can see that at any given co the domestic price ratio is lower than the 

foreign one. This is because changes in factor prices, in addition to having a direct effect 

on the commodity prices, would also affect the composition of outputs in this full-

employment model. However, due to the externality and in contrast to the foreign country 

with CRS technologies, any change in output of good Z ( X ) at Home has a further 

impact on unit cost and acts in opposition to the original effect. Compared with the other 

country, a higher (lower) commodity price ratio needs not entail a higher (lower) relative 

return to the factor which is intensively used in that commodity. For example, the wage 

ratio co, corresponding to the price ratio Px, is higher than co*1 which is associated with 

an even higher price ratio Px abroad. In addition, it is also clear from Figure 3 that in 

20 In the previous discussion, the form of the external effect has been assumed to be g{Z) = Ze. It is 

known that g ( z ) < 1 if and only if 0 < Z < 1 given that 0 < s < 1. Here, without loss of generality and to 

ensure that g ( Z ) > l , we simply assume that home will produce more than one unit if she decides to 

produce that good. 
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Figure 3: The Comparison between Domestic and Foreign Wage Ratios 

m # Home Foreign 
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free trade we have coxa* given the same world commodity prices. 

Due to the technology difference across countries, the equalization of the commodity 

prices in free trade does not ensure that the prices of the two production fragments, V 

and V*, Pz and P*, will be the same. The absence of factor-return equalization coxa 

implies that all the dollar's-worth isoquants of the foreign country are tangent to a steeper 

factor price line as illustrated in Figure 4. Here, all the dollar's-worth isoquants 

associated with CRS production technologies, such as IIV, \IV* and \IPY, have the 

standard interpretations implying that V > V*. The complication is again associated with 

the intermediate good Z where the external effect g(Z) is greater than 1 at Home, but 

equal to 1 abroad. Although the isoquant 1/Pzg{Z} is closer to the origin than \/P*, this 

does not imply that Pz is greater than P* because of the presence of g(Z). In fact if 

PZ>PZ, we must have Px > P*x given that V > V, which contradicts the outcome of 

free trade. Therefore, the domestic Pz must be lower than the foreign price P*. In 

addition, this is an alternative way to see why cannot the intermediate good Z be traded 

simultaneously with the two final goods while both countries diversify in all the 

production. 

In summary, technology difference drives a factor return differential between the two 

countries under free trade such that the home country has a higher co, a lower Pz due to 

the economies of scale and a higher V because of the intensive use of the more 

expensive factor at Home. The differences in factor returns and hence the induced 

deviations in the unit costs of the intermediate inputs give Home an incentive to 

outsource which is our focus in the next chapter. 



39 

Figure 4: The Comparison between Domestic and 

Foreign Intermediate Inputs Prices 

m > m 
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4.2: Comparative Statics 

To examine the welfare effects of free trade, we assume that the demand side, 

represented by a strictly quasi-concave social utility function with positive marginal 

utilities, is dependent only on the consumptions of the two final goods and ignore any 

differences between the preference of skilled labor and unskilled labor: 

U = U(XD,YD), (35) 

where XD and YD are the consumed quantities of each good. The budget constraint, 

reflecting that the total value of production is equal to the national expenditure, holds for 

both autarky and free trade: 

PXX + Y = PXXD+YD. (36) 

Totally differentiating (35), we obtain 

dU = UxdXD+ UYdYD. (37) 

Here, Ux and UY are the partial derivatives of the utility function with respect to XD 

and YD respectively, and therefore represent the positive marginal utilities of each good. 

Since good Y is considered as the numeraire, UY also has the interpretation of marginal 

utility of income. The maximization of social utility requires equality between the 

marginal rate of substitution and the good price ratio, which is given by -JL = Px. Using 
uY 

this condition, we rewrite (37) as 

— = PxdXD+dYD. (37') 
UY 

Then, totally differentiating (36) yields 
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(X-XD)dPx+PxdX + dY = PxdXD+dYD. (38) 

As shown above, with PY = 1 the slope of the PPF is given by 

dY = -(Px-saPz)dX. (ll') 

Now, substituting (38) and (l 1') into (37') to obtain a measure of the welfare change: 

dU 

UY 

[X - XD) dPx + aePzdX. (39) 

Recall that given the positive externality, there is a wedge between the social 

marginal product and the private marginal product (marginal cost), which leads to 

underproduction of good Z[X). Thus, the second expression of the two terms on the 

right-hand side of (39) reflects the benefit (hurt) associated with an increase (a decrease) 

in the output of good X where the social marginal benefit exceeds the marginal cost by 

asPz. The first expression simply indicates the terms-of-trade effect which is clearly 

positive. It is known that for the initial infinitesimal move from autarky to free trade, the 

welfare change measured by (39) is evaluated at autarky. Therefore, we can drop the 

term (X-XD) which is equal to zero and hence rewrite (39) in the following simplified 

form: 

dU 

Uy 
aePzdX. (40) 

Equation (40) shows that the social welfare will be initially enhanced if Home exports 

good X as evaluated at autarky. Conversely, importing good X associated with a 

decline in the domestic production of good X will, at least initially, make the home 

country worse off relative to autarky. 
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The above statement is consistent with the well known standard trade theory 

regarding the situation where there is a non-tangency between the price line and the PPF. 

It says that if trade could increase the production of the goods which are under-produced 

in autarky, then opening to trade will improve the home country's welfare; if trade 

decreases the production of those goods, then free trade will have an ambiguous welfare 

effect but will at least initially decrease the welfare. For example, Kemp (1969) and Choi 

and Yu (1984) show that free trade may be inferior to no trade in the presence of VRS. 

Their conclusion is based on the assumption that the under-produced good in autarky 

would be imported when the economy is open to trade. 

Both (39) and (40) can also be applied to the case of a small open economy and a 

similar conclusion will be obtained. Here, we retain the term dPx because we are 

considering a movement from autarky to free trade where the price faced by Home does 

change. 

What is the impact of free trade on the wage ratio co ? The percentage change in the 

wage ratio due to a percentage change in the commodity price ratio has been derived as 

d> = Pxl\6'\. It follows, given the normal output response to price ( |# ' |>0j, that free 

trade associated with exporting good X(dPx>0) must enlarge the wage disparity 

against unskilled labor relative to autarky, whereas importing good X(dPx <0) should 

have an opposite effect. This is simply an application of the Stolper-Samuelson theorem 

which, as shown previously, retains its validity in the present model providing that 

\ff\ > 0. 



5. International Outsourcing21 

5.1 Introduction 

Since the production process of good X has separate and distinct elements, it is 

possible to outsource one of those elements to the place where the unit cost of producing 

that part is cheaper. It has been demonstrated in the previous chapter that V > V* under 

free trade because of the intensive use of the more expensive factor at Home, so that the 

home country would like to have T produced offshore to enjoy the lower production cost 

abroad. Hence, fragment T will be imported back and integrated with the domestically 

produced good Z into the production process for final good X ,22 For the analysis in this 

chapter, the following assumptions are made: 

• There is no transportation cost or any other additional cost of outsourcing, but 

trade needs to be balanced. 

• We assume for simplicity that outsourcing is complete which leads to no domestic 

production of T anymore, though this need not necessarily be so. This situation 

can be ensured by an even stronger assumption that the domestic price V is 

always higher than the foreign price V*, which implies that the domestic user cost 

of T is decreasing when Home moves from free trade to outsourcing.23 

• No extra factor is required to transform the fragments T and Z into the final 

good X, and this costless assembly process is assumed to be attached to industry 

Z at Home. 

21 From here on, we shall use the term free trade only to refer to the situation of trading in final goods and 
without any outsourcing activity. 
22 Outsourcing fragment can be either physical components or services. In our framework, T is neither the 
most nor the least skilled-labor-intensive good. A possible example is a call center for technical assistance 
with computers, which is more skill intensive than the manufacturing sector (Y ) but less skill intensive 
than the headquarter office (Z ). 
23 Further discussion regarding the assumption of complete outsourcing is provided in Appendix A6 . 

43 



44 

Before examining the implications of outsourcing, we first simply derive some 

properties of the PPF which denotes the PPF between goods Z and Y, while for the 

subsequent discussion we will use the notation PPFXY to represent the PPF between the 

final goods X and Y . This scenario, where complete outsourcing leaves the home 

country only needing to produce goods Z and Y, is similar to the cases investigated in 

many papers between 1965 and 1985, involving VRS for the two-factor two-sector 

models.24 As shown in Appendix Al, the slope of the PPFZY is given by 

— = - % - 4 (41) 
dZ PY

K ' V ' 

Retaining the assumption — = 0 and setting PY = 1 , the curvature of the PPFZY 

dZ 

indicated by the derivative of (41) is therefore given by 

d2Y dR l_z_ 
dZ2 dZ 

7ZY 

0-«). (42) 

which implies that the PPF is concave or convex dependent only upon whether the 

output response to price of good Z is normal or perverse. We have (43) derived in 

Appendix ,48 to describe this output-price relationship 

1 
Pz= — M-z 6 -£flz (43) 

where Us = AYS0YLaY+ AzsOZLaz, UL = AYL6YS(TY+ AZLdzsaz , \Az\ = {^2S^YL - ^ z A s X 1 - * ) > 

juz =U'sAn +ULAyS and \0*\ = {6ZS0YL -0ZL9YS). Given that all those individual terms are 

positive, the sign of the overall coefficient in (43) is ambiguous, implying that the PPFZY 

See Jones (1968), Kemp (1969), Kemp and Takashi (1970) and Panagariya (1980). 
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can be either concave or convex. Since no restriction has been placed on the output 

response to price of good Z , some worries may arise regarding non-unique production 

equilibrium. However, such worries would be unjustified since the production of the 

intermediate good Z is constrained by the output level of good X according to the 

Leontief production technology. Given the earlier assumption \6'\ > 0 ensuring concavity 

of the PPFXY, the output level of X is uniquely determined by the world price. 

While it is possible that the home country either exports or imports good X at the 

outsourcing equilibrium, we will limit our attention to the case of home exporting X. 

The main arguments underlying both cases are similar and the discussion can be readily 

extended from one case to the other. We will consider Home as a large country first and 

then simplify the analysis to the case of a small open economy. 

5.2 The Effect on Supply and Demand at Constant Terms of Trade 

This section investigates how outsourcing will influence the supply and demand for 

each good in both countries at constant terms of trade. Given the full-employment 

conditions, outsourcing requires the factors released from industry T to be reallocated 

between industries Z and Y . It follows, due to the externality, that any change in 

production composition will in turn affect wage ratio. We will show that this process 

leads to an increase in the domestic output of good Z at constant world commodity-price 

ratio Px, whereas the impact on the domestic output of good Y is uncertain. In addition, 

outsourcing also raises wage ratio co and hence national income, an outcome sustained 

25 Appendix 4̂8 also discusses the curvature in the neighborhoods of the two end points, which shows that 
the PPFZY is strictly convex in the neighborhood of Z - 0 and is strictly concave as the output of good Y 
approaches to zero. 
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by both the external effect and the cost saving in V. Consequently, the demands for 

both goods increase at constant P*x. 

5.2.1 Domestic Production 

To derive these results, we introduce a new parameter <p to represent the level of 

outsourcing activity. Suppose, for the sake of exposition, that the adjustment from free 

trade to complete outsourcing is not instantaneous. Thus, as cp rises, it represents an 

increasing volume of T imports from the foreign country. Recall that, due to the 

externality, holding constant commodity prices does not ensure constant factor prices in 

the present model. For this reason, it is helpful to consider a two-part decomposition of 

the production effect of any marginal increase in cp at constant commodity-price ratio: 

the effect at constant wage ratio co , and then the effect when a> adjusts to restore the 

commodity-price ratio to its initial value. 

Decomposition: Part 1 

To keep this section relatively self-contained, we first briefly derive the key results 

by simple algebra, and then use an Edgeworth box diagram to illustrate the discussion. 

To begin, rewrite the full-employment conditions specified in (7.1) and (7.2) as follows 

J-j — - " 7 ' J^f ' i-ty * 

It follows after simple manipulation that 

26 If there is no externality and no cost saving brought about by outsourcing, there would be no incentive to 
outsource. National income as well as the initial free trade equilibrium would not be affected (after paying 
for T), since outsourcing in this scenario acts only as a pure movement of the production locations. 
27 We can think of the rise in (p as representing a relaxation of a quota on imports of T. 



47 

Ky T . . Kj> T" . . Ky 9 

L = 

g(Z)fz(kz) fT(kT) fr(ky) 

z T Y 
+ • g(Z)fz(kz) fT{kT) fY{kY) 

(44.1) 

(44.2) 

since CRS technology of z, T and Y functions implies that fz (•) = z 
g(Z)Lz 

fr(') = T 1 r S and / 7 (•) = 7 
V ^Y J 

- — .On the other hand, in the presence of 

outsourcing the fixed-proportion relationship between Z and T becomes 

Z = a(T + (p). (45) 

Since skill intensity k, depends only on wage ratio co , we can derive the expressions 

forZ, T and Y in terms of (p, a , S and L by simultaneously solving (44.1), (44.2) 

and (45). For example, to solve for Z , first rearrange (44.2) to obtain 

Y = fr 
g(Z)fz fT 

(46) 

where for simplicity we have omitted the argument of each function f{, i = z,T,Y. Next, 

from (45) we have 

T = -Z-(p. 
a 

(45.1) 

Finally, substituting both (46) and (45.1) into (44.1) yields 

g{?) 

kz (<w) - kY (&>) 

fz(kz{o>)) 
+ -

kT (co) - kY (a>) 
= S -kY(co)L + cp 

kT(co)-kY(co) 

fT(kT(o))) 
(47) 

From this equation, we can solve for Z as a function of (p, co , S and L . Following 
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this, we rewrite the production of Z as 

Z = z(tp,co,S,I) (48) 

and the production functions of other goods can be rewritten similarly.28 Here, tp 

determines the outsourcing volume (and hence, as shown below, the domestic production 

of T) and therefore the residual amounts of endowments available for Z and Y; while 

co determines the skill intensities and hence indicates the allocation of endowments 

between each industry. 

Substituting (48) into (47) and then differentiating (47) with respect to tp, we 

obtain 

riy Ky \-e dZ 
+ fz(kz) g{Z)d<p \fT(kT) 

l\irn t\i-y j_az 
a dtp fT[kT) 

Solving for — yields 
d(p 

dZ ab., 

dtp abx + h 1 ' u2 

where b. 
/C7 Ky 1 S k -k 

= — 'vy x > 0, b2 = -1——^ > 0 and, as will be recalled, 0 < a < 1. Thus, it 
fz(*z)g{Z) ' fT{K) 

is clear that 1 > — > 0. In addition, equation (45.1) implies 
dq> 

5 T _ ]_dZ_ 

8<p a dtp 
- 1 , 

from which we can obtain — by substitution of the above expression for — . It follows 
dtp dcp 

that 

28 For convenience, I use the same symbol here to stand for both the variable and its related function. 



49 

dT _ abx 

dcp abx + b2 

and 0 > — > - l . Similarly, differentiating (46) with respect to <p and using the 
dcp 

preceding expressions for — and — , we can derive the relationship between Y and cp, 
dcp dcp 

which is given by 

dY _ ab, 

dcp abx + b2' 

fy(ky)(kz-kT) l-e dY 
where 63 = — V \ — 7 — r — , — r > 0 . It is straightforward to see that — is positive. 

fr{kr)fz{kz) g(Z) d(P 

Bear in mind that all these partial derivatives ( — , — and ) indicate the output 
dcp dcp dcp 

effects of outsourcing at constant co . 

We now use an Edgeworth box diagram to illustrate the above results. In Figure 5, 

unskilled labor is measured along the horizontal axis OA(0'B), and skilled labor is 

measured along the vertical axis OB(0'A) . Reflecting the skill-intensity ranking 

kz > kT > kY, Oa and ab represent the initial production of Z and T, respectively. The 

factors represented by O'b are used in industry Y, and everything else represented by 

Ob is used in producing X(via Z and T). Thus, Ob and O'b shall denote the output 

level of goods X and 7 , respectively, when no outsourcing takes place. 

29 Note that even though the Leontief production technology requires one unit of T to produce each unit 
of X, this does not necessarily imply that the length of Ob and ab must be equal. It is possible with CRS 
technologies to use distances for a given skill-intensity as measures of output, although even for a single 
good, distances for different skill-intensities would have different mappings to output. Leaving this 
difficulty aside, comparisons of distances for different goods (with different skill-intensities) are further 
complicated because they may involve different mappings between distance and output. 
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Figure 5: The Effect of Outsourcing on 

Domestic Production at Constant Factor Prices 

U Unskilled Labor -*-———— (f 

O *- Unskilled Labor 
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As stated, holding co constant keeps skill intensities kz, kT and kY constant. Thus, 

as <p starts increasing from zero, the outputs of goods Z and Y will increase following 

the arrow direction as the domestic production of T decreases (recalling that — < 0) 
dcp 

from ah to cd. As (p continues to increase, this movement will eventually stop at ?̂ 

where all the resources released from T have been completely reallocated between 

industries Z and Y at constant co . 

Decomposition: Part 2 

Having indentified the impacts of outsourcing on the production of each good at 

constant co , we now examine the output effects when co adjusts in order to restore the 

terms of trade to their initial value. During this non-instantaneous movement, when (p 

starts to increase from zero, Home will retain some production of T while facing two 

prices at the same time, a domestic price V and a lower foreign price V*. Here, we first 

use a Lerner diagram to illustrate the changes in V and Pzg(Z), and hence identify the 

effect of outsourcing on co at constant P*x. We then explain how the change in co will 

reallocate factors between each industry, and thus determine the associated change in 

output composition. 

As is clear from the discussion in part 1, there is an expansion in industry Z at the 

original co when cp starts to increase. Initially holding Pz constant, the increase in 

g(Z) causes the isocost line to rotate (as illustrated in Figure 6) leading to a higher wage 

ratio co as well as a higher price V .30 As V rises, it follows that Pz must fall to maintain 

30 It may seem surprising at first sight that a relaxation of a quota on imports of T leads to an even higher 



Figure 6: The Effect of Outsourcing on the 

Domestic Wage Ratio at Constant Terms of Trade 

domestic price V . However, this result arises simply because the externality raises wage ratio at constant 
terms of trade, and hence must cause a rise in the unit cost (V) of producing T. 
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Px constant (given that Px = aPz +V), which will in turn induces a decline in co . 

However, the effect of the drop in Pz on co only partially offsets the initial effect of the 

increase in g (Z ) . To see this, suppose that the decrease in Pz just brings the isocost line 

back to the original position. In this situation, since there is no change in (co and) V , the 

lower Pz is inconsistent with the given commodity-price ratio Px(=aPz+V} . Using 

similar logic, it is straightforward to note that this inconsistency will continue to arise if 

the effect from the decrease in Pz is even stronger. 

To formalize the above argument, we now demonstrate algebraically that an increase 

in cp will raise co at constant terms of trade. As the Lerner diagram indicates, both 

Pzg{Z) and V are positively related with co , so that we can define Pzg(Z) = h(co) 

dh(A 3] „ , . 
where — — > 0 . In addition, Px -aPz +V(a>) implies that Pz can be written as a 

da 

function Pz\co,Px), where —1±J- < 0 and — \ > 0. Taken together, we obtain v ; dco dPx 

Pz(co,Px) 

from which we can solve for Z as follows 

Z = Z^co,Px) = g 
h(co) 

(49) 

fHky(<0)) 
31 Here, h(co\ = -. —-r where fly*) represents the marginal product of skilled labor in industry 

fz \kz H) 
/ ( = Z,Y), and therefore —-—- is equivalent to a standard Stolper-Samuelson derivative. 
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rY~7 

where g(») is the inverse function of g(»); and — = <?'(*) 
1 dh(») h dPz 

KPZ dco Pi daj 
>0 

,/ x dh(A dP, 
since g'(.) > 0, — ^ > 0 and —^ < 0 . 

dco dco 

Note that Z from (48) and (49) must be equal. We therefore have 

z(cp,co,S ,L) = z(co,P*x\ (50) 

Totally differentiating (50) at constant P*x yields 

dZ , dZ , cZ , 
—a^>H a&> =—dco. 
dcp dco dco 

Then the solution we are seeking is given by 

dco 

dcp 

dz^ 
dcp 

P'y 

rdz__dz^' 
dco dco 

dZ dZ 
where — > 0 and — > 0 as demonstrated above. Moreover, full employment implies 

dcp dco 

dZ 
that — > 0 because good Z is the most skilled-labor intensive, which could be easily 

dco 

shown by using the endowment identity. A simple proof for this positive relationship 

follows shortly below. 

Note that although both — and — are positive, an unambiguous sign of 
dco dco 

rdZ__dZ_^ 

ydco dco j 

^7 7^7 

can still be obtained. The difference between — and — is that the latter 
dco dco 

is obtained at constant P* whereas the former is not. As explained above, in order to hold 
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P*x constant any increase in co requires a decrease in Pz, which would rotate the isocost 

line, partially counteracting the original increase in co . In this case, Z must increase 

further (through g(Z)) to offset the negative effect from the drop in Pz to maintain the 

initial increase of co . Therefore, for any given increase in co , the expansion must be 

higher for z(co,Px) than for Z up, co, S, L), which implies that 
(dZ dZ^ 

dco dco 
>0. 

Therefore, each marginal increase in <p causes a higher wage ratio and hence, falling 

skill intensities which will result in a reallocation of endowments between industries. To 

see this, recall that the full-employment identity is given by 

*J j 1~<2 j J-'j j by 33 

L z L T L Y L 

Given the fixed endowment ratio, with falling kz, kT and kY there must be an increase 

in the weight assigned to the relatively more skilled labor intensive good(s). Due to the 

fixed-proportion relationship between Z and T + <p, Lz and LT have to increase (given 

the level of <p), while LY must fall.34 But with kY also falling, SY should fall accordingly. 

32 The above argument does not apply to the last marginal increase in cp before reaching complete 
outsourcing where there is no domestic production of T and the home country only faces a foreign price 
V*. In this situation, there is an expansion in Z due to the same logic and an increase in Pz because of the 

lower V given that P*x =aPz+V* . Therefore, the corresponding increase in Pzg{Z} will flatten the 

isocost line leading to a higher co . Although the change in Pz is opposite to the discussion above, the 

overall impact of cp on co is qualitatively the same. 
33 As indicated above, each increase of cp is associated with a decrease of the domestic production of T as 
the economy moves from free trade to outsourcing, so that each different level of T is reflected by the 
presence of LT in the identity during this non-instantaneous movement. It is clear that LT = 0 at complete 
outsourcing, and therefore we can drop the second expression on the right-hand side when 7 = 0. 
34 To make it simpler to follow, by substitution of (44.2) and (45. l) we can rewrite the identity as 

s_Jkz-kr) z x{K-K)(z \ h 

L f2L g(Z) fTL U J 
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Industry Y therefore loses both factors and must experience a decline in its output, while 

industry Z gains both factors and its output must expand.35 

In summary, outsourcing raises the output of good Z at constant terms of trade since 

the impacts in both parts of the decomposition move in the same direction. However, the 

direction of the net change in the output of good Y is ambiguous, since industry Y 

expands in the first part of the decomposition but contracts in the second part. Returning 

to (50) we can solve for a> in terms of cp and Px as co{cp,Px J. Rewriting the production 

function of good Y in the same manner as (48) and then substituting in co(cp,Px\, we 

have 

Y = Y[<p, a>(<p,I*),S,L). 

Totally differentiating this equation with respect to cp at constant price P* yields 

dY_ 

dcp = A+A, 
Py 

o dY n A a dY dc0 n • dY n A
 d(° n 

where p. = — > U and p , = — < 0, since — < 0 and — > 0 as shown above. 
dtp da dcp oa> d(p 

Of course, the movement from free trade to complete outsourcing is not infinitesimal, 

but is associated with a finite change of <p, which can be regarded as the sum (integral) of 

dY 
all the infinitesimal moves. With regard to — 

dcp 
above, because the sign of this 

(k -k ) (k —k ) 
As is clear here, given that -^ — > 0 and — — > 0 as well as d 

Jz^ JT'-' 

there must be an increase in Z at any specific level of (p. 

35 This demonstration shows > 0, -— > 0 and -— < 0. 

s(z) 
> 0, with a falling kY 

dco dco dco 
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derivative is ambiguous, the sign of the integral over these infinitesimal changes must be 

also ambiguous. 

5.2.2 Domestic Consumption 

Having considered the production side at Home, we shall now turn to the domestic 

demand side. Let / denote national income, which is given by 

l(a>,S,L) = WsS+WLL. (51) 

Totally differentiating (51) yields 

dl _SdWs+LdWL 

dco dco , N 

( „ T\ (52) 
>0, = s<% 

V. aYs $ J 

36 

dco 

where the second line of (52) is obtained by using the condition aYSdWs + aYLdWL - 0. 

As demonstrated, outsourcing causes an increase in co {dco > 0) and a decline in WL 

{dWL < 0) at constant terms of trade, while the earlier assumption that kz > — >ky 

ensures that —— + =<0. Taken these conditions together, (52) therefore indicates that 

dl>0. 

According to (35) and (36), domestic demand YD can be defined as a function of 

the commodity-price ratio and national income. Using (51) , we therefore have 

36 Recall the fact that each firm minimizes unit cost, taking factor prices as fixed. Therefore, the minimum-
unit-cost condition, which equates the marginal rate of technical substitution (among the two factors) and 
the ratio of factor prices, implies WsdaTS +WLdaTL = 0 . Totally differentiating (6.2) aYSWs +aYLWL = PY 

and using the resulting condition, we obtain aYSdWs + aYLdWL = 0, given that good Y is the numeraire 

(A=o). 
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D _ VD Yu =Y 'P;,I[CO((P,P;),S,L) 

Take the derivative of YD with respect to cp at constant P*x to obtain 

dYD 

dcp 
= a, 

Py 

, 6YD 61 dco „ . 3YD _ dl n , dco . 
where a = > 0 since > 0, — > 0 and — > 0. 

dl dco d<p 81 dco dcp 

5.2.3 Foreign Production and Consumption 

The above discussion can be readily modified for the foreign country where there is 

no externality and T* is the exportable good.37 Considering this modification, we first 

rewrite (44.1), (44.2) and (45) here as 

7* r r 
Jzy^z) JT\^T) JY[^Y) 

r r r 

L = ; r + ; r + 
fz\kz) JT\K) fr \K) 

Z* =a(T* -cp), 

where a* = a given the earlier assumption that both economies have the same production 

technologies in producing X. It is clear that we can obtain the expressions for Z*, T* 

and Y* in terms of cp, ca , S* and V by simultaneously solving these three equations. 

Now, using the same logic as for Home, we can derive the following properties: 

This is not a really restrictive assumption, but we just assume that the foreign country remain diversified 
in production of all three goods. 
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dZ* ab*. 2 

dcp ab* + b. 1 ' u2 

?H= f ., (53) 
dcp ab* + b*' 

DY* _ ab, 

dcp ab* + b*2 ' 

where fr = * z 7^>0, b2^
kr~k* >0 and ft, = ; / / | z ~ y > 0 . Given 0 < a < l , 

dZ* dT* dY* 
it is straightforward to see that - 1 < < 0, 1 > > 0 and < 0 . 

5#> 5̂ » dcp 

Recall that all the industries abroad exhibit CRS technologies, and hence the 

Samuelson one-to-one correspondence holds. Thus, holding the terms of trade constant 

will maintain both the wage ratio co* and skill intensity k*(i = Z*,T*,Y*) constant. 

Therefore, (53) shows that the domestic outsourcing activity will lead to an increase in 

the production of T* and a consequent reduction in the outputs of goods Z* and Y*, at 

constant terms of trade. This is illustrated in Figure 7 where T* expands from ab to cd 

as cp increases, while Z* and Y* contract following the arrows along Oa and O'b 

respectively. (Figure 5 and Figure 7 haven been labeled similarly to make comparison of 

them self-explanatory.) 

Since co* depends only on /^ , we can rewrite the production function of Y* as 

r = r{cp,co*{p*x),s,L). 

Taking the derivative of Y* with respect to cp at constant commodity prices, we have 

dY* 

—— =0* 
dcp 
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Figure 7: The effect of Outsourcing on 

Foreign Production at Constant Terms of Trade 

Unskilled Labor 

m 

r 

Unskilled Labor 
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where J3* = < 0. As for national income given by /* I of (P*x), S*, V I, it will not be 
dcp \ \ J ) 

affected in this case, and hence the demands for both commodities remain unchanged. 

So far we have identified the impacts of outsourcing on the supply and demand for 

each good in both countries. Before proceeding to the next section, some further 

clarification is useful. First, it does not matter whether the home country chooses good 

X or Y as the payment for the import T, because world markets will eventually clear 

and determine the trade pattern for the final goods. Second, in contrast to free trade, 

where the budget constraint embodies equality between the value of total production and 

national expenditure, we now have to take account of the payment for the outsourced part 

as follows: 

p;[x - XD)+(Y -YD) = VT° , 

where T° denotes the import volume of T . 

5.3 The Effect on Terms of Trade 

Influencing both demands and supplies, outsourcing may cause a trade imbalance at 

the initial terms of trade. Therefore, an adjustment in commodity prices is required in 

order to clear world markets and restore equilibrium. As stated earlier, we will limit our 

attention to the case of Home exporting X, although the analysis can be readily extended 

to the other case where good X is the home importable. 

Define E^ = M-E*, which is the world excess demand for good Y, where M and 

E* represent domestic import and foreign export, respectively. Initially, EW
D is equal to 
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zero in free trade. Us ing all the product ion and demand functions of good Y defined for 

both countries in the previous section, w e therefore have 

EZ = YD[l*j((o(<p,PZ),Sj)yY[<p,a>(<p,P;),S,L~ 

-Y\<PM{P;),S\V]+YD*[P;J*[CO(P;),S\?) 

Totally differentiate EW
D wi th respect to cp at constant pr ice P*x to obtain 

Jrw dYD dl da , dY , dY da , dY* , 
clEr, = — : : —d<p- -^—dtp - ———ctcp d<p , 

81 dco d(p dq> dco dtp d<p 

where w e have used the fact that outsourcing has no impact on foreign demand at 

constant terms of trade. By substitution of all the coefficients defined above, we rewrite 

dEp m o r e compact ly as 

dEl = (a-/?,-J32-p;)dcp . (54) 

This change in excess demand brought out by outsourcing at the original price ratio 

P*x mus t of course be balanced by a matching change in the excess supply of good Y, 

resul t ing from an adjustment in the terms of trade. Define the world excess supply of 

good Y as EJ = E* -M . Totally differentiating Eg wi th respect to P* at constant cp and 

evaluat ing the differential at (p - 0 , it follows after simple manipulat ion that 

M dEw
s=^[\-e-e)dP;, (55) 

where e and e* are the price elasticities of domest ic and foreign import demand, 

respectively.3 8 To derive the required change in the terms of trade for clearing wor ld 

M E' 
Specifically, e = -r- and e =es + 1 , where e*s =—^— denoting the price elasticity of foreign export 

supply. 
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markets and restoring equilibrium, we set dE™ = dE™. Using (54) and (55), we obtain: 

dq> P*x (e+e-l) 

The well-known Walrasian market-stability condition implies (e* + e - l ) > 0, so that the 

impact on the terms of trade will depend on the net effect of (/?, +/?2 +/?* -a) . 

According to the previous discussion, only /?, is positive while the last three terms are 

negative, including the signs. We may therefore conclude: 

rlP* 

^%0 iff h\a-Pi-R 

5.4 The Effect on Social Welfare: 

To summarize, the implications of outsourcing contain three components which have 

been discussed in the previous sections respectively. The net effect on social welfare will 

therefore depend on the signs and magnitudes of these three parts: 

1. The effect on the production of industry Z , which has been under-produced from 

the social viewpoint; 

2. The cost saving in acquiring T through outsourcing; 

3. The terms-of-trade effect that may work either in favor of or against Home. 

We shall now use comparative-static analysis to explore the overall effect on social 

welfare. Totally differentiating social utility function u(xD,YDj with respect to cp, we 

obtain: 
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dU dU 

dcp 8YD 

,. dX dY 
x + + 

dcp dcp 

P* 
rx 

^ f V 
KdXj 

+ 1 
BY dPt „, dE dM 

7— —^x + 
dPx d(p d(p dcp 

39 (56) 

Balanced trade requires the following condition: 

P;E=M+VT°, (57) 

where E is home export of good X while M and T°, as defined previously, denote 

domestic import of good Y and the quantity of the outsourced part T respectively. 

Totally differentiating (57) with respect to cp yields 

dM _ dE „ dPt 

dtp dip dcp 
X T° dV* 

dcp 
V, (58) 

dT° 
where we have used the fact = 1. Substituting (58) into (56), we obtain: 

dcp 

dU dU 
dcp 8YD 

p„ dX | dY TQ dV* r | 

dtp dcp dcp Px 
fdY\-1 ^ 

\dX; 
+ 1 

dY dPt ^dP* 
x +E- x 

dPx dcp dcp 
. (56.1) 

Here, the external effect is embodied in both the first and fifth terms in the square bracket 

' The derivation of equation (56) is given below: 

dU dU dXD dY^\ 

d(p 8YD y dcp dcp 

dU 
dYD 

dU 

d[x(cp,P;{cp),S,L)-E\ d[Y(cp,P'x(cp),S,L) + M] 

dcp dcp 

dYD 

dU 

^ dX . „. dX dP^^ dP^^d^^dY_dP^_ . dM 
-+P\ + + -dcp dPx dcp dcp dcp dPx dcp dcp 

8YD 

„, dX dY 
Px + — + 

dcp dcp 
«'§' -

dY dPt „, dE dM 
-, Px + 

dPx dcp dcp dcp 

Here, the production functions of X and Y are written as X\cp,Px{cp),S,L\ and Y(cp,P*(<p),S,L\ 

respectively. In these functions cp determines the outsourcing volume and therefore the residual amounts of 

endowments available for Z(x) and Y, while P*x determines the intersection point of the price line and 

the PPFXY. 
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of (56.1), which denote the impacts of outsourcing on the production of good X{Z) at 

constant terms of trade and when terms of trade are changed respectively. The term -V* 

reflects the fact that the home country has to pay for what she has outsourced abroad 

Jjr* 

while the term -T° denotes the cost saving.40 Let *¥ denote the first four terms in 

dcp 

the square bracket, representing the positive effects (expansion in industry X(Z) and 

cost saving in V ) brought out by outsourcing at constant terms of trade. Following this, 

we can simplify (56.1) to 

dU dU 
dcp 8YD T + P* 

1 X 

fdY V1 

ydXj 
+ 1 

dY dp; , £dp; 

dPx d(p d(p 
(56.2) 

In the standard CRS model, the term in the square bracket is zero by profit 

maximization because the price ratio is always equal to the negative slope of the PPF. 

However, the demonstrated fact that the price line is steeper than the PPF in the present 

model implies P* 
1 X 

rdY\-' 
ydXj 

+ 1 
dY 

<0 and it is known — r < 0 by the normal output 

response to price. Therefore, with the presence of the positive externality, the term 

P* 
1 X 

rdY\-1 

KdXj 
+i 

dY 

dP 
- would indicate the gain (loss) from the increase (decrease) in the 

production of X(Z) as trading prices increases (decreases). The final term on the right-

hand side of (56.1) reflects the terms-of-trade effect. To simplify the expression, define 

40 There should be no confusion regarding the notation V*. Here, we are considering the change of the 

domestic user cost of T as outsourcing occurs. The fact V > V* implies that the user cost for the amount 

T° is falling and therefore the term -T° is positive indicating the cost saving caused by outsourcing. 
d(p 
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Q = P 
1 X dX 

8Y 
- and rewrite (56.2) as 

dPx 

dU dU(„. ,„ ^dK} 
V + (n + E)^ . (59) 

d(p J d<p 3YD 

The economic intuition behind (58) is as follows. Outsourcing definitely yields 

benefits to Home denoted by *P, which are measured by the expansion of industry Z 

and the cost saving in V at the constant price Px. However, the ambiguous change (if 

any) in the world price will not only have the usual terms-of-trade effect through E but 

also influence the production of good X(Z} through Q. The overall effect on welfare is 

therefore uncertain. However, for the foreign country, any improvement (deterioration) in 

terms of trade will be a net gain (loss) since there is no externality issue. We may 

summarize the derived conclusions as follows: 

Proposition 1 

dP* 
A: if —— > 0 which implies that terms of trade are improved in favor of Home and 

dq> 

there is a further expansion in the production of good Z , then Home will be 

better off whereas Foreign will lose due to the deterioration in terms of trade. 

dP* 
B: If —— = 0 which implies that terms of trade are not affected, in this case the 

dq> 

home country will gain from the cost saving and expansion in industry Z at the 

constant terms of trade while foreign welfare will be unaffected. 

dP* 
C: If —— < 0 which implies that terms of trade are deteriorated against Home and 

dcp 

there would be a decline in the production of good Z caused by this decrease in 
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Px. Following this, the net effect on domestic social welfare will be ambiguous 

whereas the foreign country will gain due to the improved terms of trade. 

Corollary 1: 

In order to raise both countries' welfare, the following inequality must be 

satisfied: 

1 dpx A <—— <0. 
D. + E dcp 

The explanation for this condition is that the foreign country gains from the 

improvement in terms of trade while the home country loses in the trade respect, 

but the positive effect of outsourcing at the original terms of trade dominates the 

negative effect from this decline in Px. The increased production efficiency due 

to outsourcing generates an expansion in the world PPF, which makes it possible 

for both countries to gain. 

5.5 The Effect on Wage Ratio 

Recall that wage ratio has been defined as a function co(<p,P*((p)) in section 5.2. 

Therefore, the effect of outsourcing on wage ratio can be obtained by simply totally 

differentiating co with respect to cp as follows 

dco _ dco dco dPx / ,„\ 
dcp dcp dPx dcp 

It has been demonstrated that (at constant terms of trade) is positive whereas the 
dcp 



68 

dP* 
change in terms of trade —— is uncertain. In addition, the earlier assumption of a normal 

dcp 

output response to price, which is necessary and sufficient for validity of the Stolper-

Samuelson Theorem, implies that is also positive. Therefore, the ambiguous change 
dPx 

in Px will lead to an uncertain net effect on wage ratio a>. This readily reveals the 

following possible outcomes: 

Proposition 2 

dP* 
A: If —— > 0 which has a positive impact on co , then the overall effect of 

dcp 

outsourcing will flatten the isocost line and enlarge the wage disparity against 

unskilled labor. 

dP* 
B: If —— < 0 which has a negative impact on co, then the net effect of outsourcing 

dcp 

on wage ratio will be ambiguous. 

C: If —— - 0, then the positive effect — will flatten the isocost line and enlarge 
dcp dcp 

the wage differential relative to its free-trade level. 

5.6 Small Open Economy 

For a small open economy, the implications of outsourcing are more straightforward 

dP* 
to address since a small country has no power to affect the terms of trade. Using —— = 0, 

dcp 

equation (59) simplifies to 
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dU _ 8U 

dcp ~ 8YD ' 

which confirms that domestic welfare is improved with the cost saving in V and the 

expansion in industry Z at the unchanged terms of trade. Moreover, equation (60) can 

also be simplified to 

da> _ dco 

dp d<p 

It follows that outsourcing will raise wage ratio co in favor of skilled labor. This result is 

consistent with the stylized fact that in recent decades there has been a decline in the 

relative wage of unskilled labor in the US factor markets. In the present model, it can be 

easily explained. As long as the home country continues to produce the most skill-

intensive good, outsourcing acts like a technology improvement and therefore raises the 

demand for skilled labor given that the positive externality is skill-biased, which must 

depress the wage rate of unskilled labor. 

Bearing in mind that the terms of trade are unchanged for a small country, a simple 

conclusion follows: 

Proposition 3 

A: Outsourcing will improve domestic social welfare through the cost saving and the 

expansion in the industry with economies of scale. 

B: If the home country remains incompletely specialized in industries Z and Y, 

outsourcing will enlarge the wage disparity against unskilled labor. 



6. The Minimum-Wage Economy 

6.1 Introduction 

Arguably the most important development in recent decades in US factor markets is 

the decline in the relative wage of unskilled labor. By contrast, in European labor markets 

it is undoubtedly the rise and persistence of unemployment. Technology improvement, 

reductions in trade barriers and outsourcing to developing countries have been identified 

as the key reasons both for the rising wage disparity in US, where the wages are 

considered relatively flexible, and for unemployment in Europe where a variety of 

institutions make wages more rigid. The flexible-wage economy has been investigated in 

detail through the previous chapters where we have developed a possible explanation for 

the observed facts by showing that international outsourcing may (will) enlarge the wage 

disparity for a large (small) country. However, the question of labor market rigidity has 

not yet been addressed. Therefore, it would be interesting to modify the flexible-wage 

full-employment home country assumed so far to an economy with an explicit minimum 

wage imposed by certain institutions. We shall then examine whether free trade or 

outsourcing in this modified framework could be explained as the factor contributing to 

the rise in the domestic unemployment, which is a stylized fact in Europe. 

In doing this we will build our model on the classic minimum-wage work by Brecher 

(1974a, b) and we will confirm that within such a framework, national factor market 

institutions can profoundly affect the patterns of output, employment and wages. The 

purpose of this chapter is to develop the minimum-wage model, derive the associated 

constrained transformation curve and discuss some related properties. 

41 Following Brecher (1974a, b) the term "transformation curve" will always be used in this case where the 
market equilibrium depends on factor market relationship and entrepreneurial behavior, in addition to 

70 
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6.2 Analytical Relationships 

Recall that since z(#), 7,(») and 7(») are homogenous of degree 1, we can rewrite 

these production functions as follows: 

Z = g(Z)Lzfz{kz), 

Y = Lyjy ykyj, 

(61) 

where / 2 ( . ) a z h , M / r ( . ) s T 
\ Lz J 

1 r 
'T 

and / 7 (•) - Y 
( a \ 

1 Y 
' L 

Now suppose that the unskilled-labor market is subject to a wage floor, which is 

exogenously given in real terms. Let this minimum real wage be set by some institutional 

agreements (unions or law), and be specified in terms of good Y at some fixed level 

- 42 
denoted by wL. Therefore, the minimum-wage constraint can be written as 

wL>wL. (62) 

Assume that wL has been specified to exceed the maximum wL consistent with full 

employment in the closed economy, so that some unskilled worker is unemployed. This 

implies that the constraint (62) is binding with wL=wL and hence we have co=a>. 

Following our previous work, Home is endowed with the fixed factor supplies of skilled 

labor (s) and unskilled labor ( z ) . Since the wage rate of skilled labor is perfectly 

technology and endowments, to distinguish from the term PPF which is a purely technically schedule given 
the endowments. 
42 In Brecher (1974a, b) the validity of the Stolper-Samuelson theorem ensures no difference in the analysis 
whether the minimum real wage is specified in terms of good Y, good X or constant utility. However, 
with the presence of an externality in industry Z , the Stolper-Samuelson theorem now may fail as shown 
in the previous chapters. When this failure occurs, given that good Z is only the intermediate input of 
producing good X, specifying the real wage in terms of good X or a constant-utility combination of both 
goods rather than good Y would change both the model and outcomes. In this paper, we restrict our interest 
only to the case where the minimum real wage is defined in terms of good Y. 
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flexible, factor S must be always fully utilized. Thus, we have 

L>L = LZ+Lr+LY, (63) 

S = Lzkz + LTkT + LYkY. (64) 

Denote kn i = Z,T,Y as the skill-intensity corresponding to m in each industry and 

it is known that kz>kT> kY by the earlier assumption. In addition, we retain the 

assumption throughout this paper that the home production remains incompletely 

specialized. By substituting ki into (61), we may solve for L.t, i = Z,T,Y and then 

substitute both Li and ki into (64) to obtain 

g(aX)fz(kz)
 z fT(kT) T fy(kY) 

where the fixed-proportion condition aX = aT = Z has been applied and the external 

effect g(Z) has also been written as g ( o ¥ ) . Solving (65) for Y yields 

Y = As -BhA—x-h^X. (66) 

kY g(aX)kyfz kYfT 

Here, for simplicity we have omitted the argument of each function fn i-Z,T,Y. 

Equation (66) describes the minimum-wage constrained transformation curve, 

which is a Rybczynski-type locus at the fixed wage ratio co. The fact that it is only a 

Rybczynski-type locus and not a real Rybczynski line is for the following two reasons. 

First, as shown below, this constrained transformation curve is not a straight line as in the 

standard CRS case but is convex to the origin. Second, in contrast to the assumption of 

constant commodity prices for the Rybczynski Theorem, the commodity prices in the 

present framework do not remain constant as we move along this curve due to the 
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externality. Taking the derivative of (66) with respect to X yields the slope of the curve: 

dY _ (\-e)akzfT kTfY (67) 
dX g(aX) kYfz kYfT 

where s, as defined before, is the elasticity of the positive externality which was 

assumed to be less than 1. Since all individual terms on the right-hand side of (67) are 

positive, the sign of is therefore negative, which implies that this curve is downward 
dX 

sloping. In addition, given that g(aX) = 1 and e = 0 in the CRS case, equation (67) also 

indicates that this curve is relatively flatter than the standard Rybczynski line. This means 

that, compared with the CRS case, giving up one unit of good Y leads to a larger 

expansion in industry X due to the externality in the present model. 

Turning now to the curvature of the curve, we take the derivative of (67) to obtain 

d2Y _as{\-e)kzfY 

dX2 g(aX)X kYfz 

(68) 

d2Y 

dX2 The positive sign of —^ confirms the convexity of the constrained transformation curve, 

which is because the external effect g(Z) undermines the linearity of the relationship 

between output levels and factors employed as described by the Rybczynski Theorem in 

the conventional CRS case. We may now derive the effect on employment of unskilled 

labor as the home country moves along the curve at the fixed wage ratio cb. Substituting 

L{,i = Z,T,Y into (63), we have 

L = ^ ^ + _ ^ _ + _ ^ . (69) 
g(aX)fz(kz) fT(kT) fY(kY) 
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Totally differentiating (69) and combining with (67) , it follows after simple 

manipulation that: 

JL_ 1 flg(Z)' / , ' . + _ j = T > 0 . ( 7 0 ) 

Given the ranking kz > kT > kY, the sign of — is positive. Alternatively, we can derive 
dY 

the effect on employment in terms of changes in output of good X : 

1 dL _ a(l-e) [ kz 

V ky J v %; 
+ 

fi 

<0. (71) 
^ fzg{aX) 

Therefore, with a rising output level of good Y employment of unskilled labor will 

increase, while if output of good X goes up, employment of unskilled labor will 

decrease. 

6.3 The Constrained Transformation Curve 

In the CRS case of Brecher (1974a, b), given the level of the minimum wage, the 

Samuelson one-to-one correspondence leads to the immediate identification of the 

associated price ratio and hence the section of the original full-employment PPFXY which 

will not be affected by the minimum wage. However, since in the present model the 

Stolper-Samuelson Theorem may fail and one price ratio may be consistent with more 

than one production point on the PPF , we shall avoid any of the difficulties associated 

with this ambiguity by conducting our analysis using the one-to-one link between real 

wage and output ratio directly. Recall (13.l) and (13.2) from Chapter 3: 
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Y - ^x m 

_ f*Y MY 

u CO 

(13.1) 

(13.2) 

By simple mathematical manipulation we obtain 

'X^ 
\Yj Ul ' 

(72) 

where all the coefficients /JX, juY and |/l| are positive. Equation (72) indicates that wage 

ratio co is positively related to output ratio X IY within the original flexible wages and 

full employment model. Similarly, the relation between co and the real wage in terms of 

good Y can also be obtained by solving (20.4) and (20.5) from Chapter 3: 

\Pr J 

_ °'YS p 
\0'\ ' 

1 
\0'\ 

(20.4) 

(20.5) 

which give us 

\PY J 
= -0'YSo> , (73) 

where 6'YS > 0. Combining (72) and (73) we therefore have 

p 
WYS

 rv^ 
MX+MY 

X 

\ i J 
(74) 

Equation(74), avoiding the ambiguity associated with the commodity prices, indicates 

that the real wage in terms of good Y would decline as output ratio XIY increases 

(moving downward along the original PPFXY). So once the minimum wage wL and the 
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associated production point are determined, we can easily see that the segment to the left 

of this point is with an above-minimum wage while that to the right of this point is with a 

below-minimum wage.43 

Now we illustrate the above findings in Figure 8 where M2R2MX represents the 

original flexible-wage full-employment PPFXY as described in the previous chapters. 

Here, we assume that the minimum wage is equal to the marginal product of unskilled 

labor at R2. Thus the production equilibrium with an above-minimum wage occurs in the 

conventional full-employment manner on segment M2R2, whereas segment i?2M, with a 

below-minimum wage (the output ratio XIY is larger than the critical value at R2) is 

replaced by the new transformation curve R2RX indicated by (66). In the present context 

where the main focus is on unemployment, the segment M2R2 is therefore not especially 

interesting since the minimum wage is not high enough to be a binding constraint there. 

Segment -/?,M,, corresponding to complete specialization in good X will also not be 

discussed in the subsequent sections since we have assumed that the home country 

remains diversified. To concentrate on the case of interest involving unemployment, we 

can either 

1. Assume that with the minimum wage related to the production at R2, autarky 

occurs on the constrained transformation curve R2RX and opening to trade or 

outsourcing does not have the force strong enough to move the production 

This simple relationship does not necessarily hold if the minimum-wage is specified in terms of good X . 
See Brecher (1974a, b) for the detailed discussion regarding the properties of this segment. 
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Figure 8: The Effect of a Binding Minimum-Wage Constraint on the PPF 

Ĵ  ^ 4 Q 
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equilibrium upward beyond point R2; or 

2. Remove segment M2R2 by simply re-specifying the minimum wage at a 

sufficiently higher level and in this situation, the conventional PPFXY are fully 

constrained and becomes a uniformly convex curve such as M2RZ. 

If the minimum wage is even higher, the transformation curve will shift to the left 

again, to a position such as R4R5. Hence, moving along segment M20 (specialization in 

good Y ) towards O involves a successively increasing real wage in terms of good Y 

and a greater level of unemployment. Without loss of generality, we simply take the first 

option for the following discussion by assuming that the home economy always operates 

on the constrained part R2Rl with a minimum wage equal to the marginal product of 

unskilled labor of industry Y at R2. 

6.4 The Perverse Output Response to Price 

As explained in chapter 2, the output-generated IRS which is external to individual 

firms allows us to preserve the assumption of perfect competition, so that each of the 

goods is still priced according to the unit cost, which is given by the following set of 

equations: 

(wLLz+wsSz) 
Pz = 

V 

Py = 

g{Z)Lzfz ' 
wLLT + wsST 

777 ' 
J-'TJT 

wLLY+wsSY LYJY 

Recall that Px = aPz + V and define P as the relative price of good X in terms of Y. 



79 

Using the above equations and the definitions of kt, i = Z,T,Y, we can obtain 

^ (l + akz)afr ^ (l + akT)fr 

(\ + mY)g(aX)fz (\ + akY)fT' 

In contrast to Brecher's case (1974a, b) where there is only one relative price 

consistent with the diversified production on the constrained transformation curve 

(Rybczynski line), due to the external effect g(aX) the relative price P in the present 

framework does not remain constant while moving along R2Rl but actually decreases as 

the output level of good X expands. The explanation for this perverse output response to 

price is as follows. Recall that, as illustrated by the Lerner diagram, fixing the wage ratio 

co is equivalent to holding the values of Pzg[aX) and V constant. If there is an increase 

in the production of good X and hence in g(oA"), the price Pz must fall to maintain 

Pzg(aX) constant. Therefore, the relative price P must also decline. Totally 

differentiating (75), it follows after simple manipulation that: 

dX _ X 

dP asPz' 

which confirms the perverse output response to price. While this may seem surprising at 

first sight, in fact, since the output-generated IRS is external to individual firms, there is 

nothing strange regarding the firms' behaviors. Firms always determine the production 

level according to the fixed factor rewards and thus have constant skill-intensity in each 

industry. The change in output of good X[Z) only affects the price Pz (Pz and Z are 

negatively related in order to keep the multiple product of Pzg{Z) constant) without any 

impact on individual firms' behavior. 
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Another property of Brecher's case is that the price line is always flatter than the 

transformation curve (straight line) and the difference between the slopes of these two 

lines is constant. However in the current case, as shown below, the difference between 

dY 
and P is not constant while moving along the transformation curve R,R,. Recall 

dX & & 2 1 

that the slope of R2Rl and the price ratio are given by (67) and (75) respectively. 

Inspection of these two equations reveals that both terms are decreasing in magnitude as 

the production of -^(-Z) increases. Subtracting (75) from the absolute value of (67), we 

can obtain 

dY 
dX 

-P = fy 

g(<*)fz 
^Z ^Y_ '"Z 

kY (1 + cokY \ kY \ fT\kY{\ + cokY \ 

fy fV'p IV Y 

(76) 

The second bracketed expression on the right-hand side of (76) is clearly constant and 

positive, whereas the sign of the first expression is ambiguous due to the negative term 

—e-=^-. Therefore, the net sign of (76) is also ambiguous. Note that if the first bracketed 
fCy 

expression is non-zero, the first term will be diminishing in magnitude as the 

\dY\ 
denominator g(aX) increases, so that the difference 

dX 
•P cannot hold constant. 

Defining A = 7 Y 
\ 

kY ( l + cokY) k 
, we have the following possibilities regarding the 

sign and magnitude of this difference: 
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sign 

A>0, 

A = 0, 

A<0, 

A<0, 

dY 
dX 

dY 
dX 

dY 
dX 

dY 
dX 

sign 

- P > 0 , 

- P > 0 , 

-P>0, 

-P<0, 

magnm ade 01 the diner 

diminishing 

constant; 

increasing; 

diminishing 

These four possibilities are listed in an order with A decreasing. Interpretations of these 

possibilities are given below which are useful for the subsequent discussion of 

implications of free trade and outsourcing. 

1. If A>0, then 
dY 

dX 
•P must be positive for all the different output levels of X 

and the difference in absolute value is diminishing (but never equal to zero) as X 

increases. 

\dY\ 
2. If .4 = 0, then 

dX 
P must be positive for all the different output levels of X 

and the difference is constant as X changes. 

\dY 
3. If A<0 and if 

dX 
- P > 0 for all the different output levels of X , then the 

difference in absolute value is rising as X increases. 

\dY 
4. If A < 0 and if 

dX 
-P<0 for all the different output levels of X , then the 

difference in absolute value is diminishing as X increases. 

\dY 
5. Taking points 3 and 4 together, if A < 0, the difference 

dX 
- P can be negative 

first, at some point becomes zero due to the negative term A declining in 

magnitude as X increases, and then is positive as X continues to rise. 

So what are the factors that cause the outcomes here to deviate away from those of 
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Brecher's case where the price ratio is always smaller than the slope of the transformation 

curve by a constant difference? Recall that in Chapter 2 we have shown that the price line 

cuts the PPFXY from above due to the external effect. This reflects the fact that an 

expansion of a firm in industry Z generates a positive externality on other firms in that 

industry, so that the private marginal product of each factor is smaller than the social 

marginal product. From the viewpoint of socially optimal endowment allocations, this 

deviation leads to underemployment of factors in industry X{Z). However, in the 

present situation the commitment to the minimum real wage makes it socially more 

costly to have more good X{Z) because any expansion in that industry has to cause 

more unemployment. If this were the only effect, it would imply that the price line should 

be flatter than the transformation curve, as shown in Brecher's case, to reflect the fact that 

industry Y should be expanded from the social viewpoint in order to achieve a higher 

employment level. 

Therefore, there is a two-edged effect from an increase of X{Z), which on the one 

hand alleviates the distortion represented by the deviation between private and social 

marginal products, but on the other hand leads to a heavier burden of unemployment. It is 

\dY\ 
clear that these two forces drive P in opposite directions (relative to 

dX 
) and the net 

effect will determine the sign of 
dY 

dX 

To complete the specification of this minimum-wage model, we assume that the 

consumption preferences are homothetic, identical across countries and ignore any 
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differences between the preferences of skilled labor and unskilled labor. The ratio of the 

quantities consumed of goods X and Y therefore depends only upon the price ratio P: 

XD , x da(P) . x 

^ - = a(P), ^ < 0 . (77) 

YD y } dP y J 

Since both the production and consumption of good X relative to good Y are 

negatively related to the relative price, we cannot rule out the possibility of multiple 

equilibria. Since we are interested in diversified and stable equilibria, assume that there is 

exactly one such equilibrium, and that the following condition holds at interior points 

along the entire constrained transformation curve R2R{: 
\d(XIY)\ <\a '{P)[ (78) 

dP 

See Appendix A9 for a more detailed discussion regarding the shape of the excess 

supply/demand curve, multiple equilibria and the necessary condition for stability of the 

equilibrium. Equation (78) ensures that an excess supply (demand) of good X is 

induced as the price ratio deviates upward (downward) from the autarky equilibrium 

price PA. 



7. Free Trade and Unemployment 

7.1 Excess Supply and Import Demand Curves 

It has been shown that in the present minimum-wage framework, the normal output 

response to price is reversed. We shall now explore whether this perverse feature will 

affect the beneficial free trade effects of the conventional CRS model when this economy 

becomes open. We assume that the foreign country retains flexible wages and denote 

P*A as the foreign autarkic price ratio. Other assumptions regarding the foreign 

production and consumption specified in Chapter 4 still hold for the current discussion. 

Figure 9 reproduces the constrained transformation curve from Figure 8 and depicts 

the salient aspects of the equilibrium.45 In order to sustain the minimum wage wL in 

autarky, the equilibrium price is PA and the consumption ratio of X to Y is given by 

alPA). For a higher relative price Pl, the production point is at B on i^i?, and the 

indifference curve is tangent to the budget line at B' where the consumption ray given by 

a(Pl) goes through B'. Thus a positive excess supply of good X is represented by the 

horizontal distance between B and B'. Similarly for a lower relative price P2, the 

production point is at C and the corresponding consumption occurs at C where the 

consumption ray en P2 J goes through C . Hence, at the price P2 there is an excess 

demand for good X represented by the horizontal distance between C and C. 

It is helpful to present the above information by plotting the excess supply and 

import demand curves as illustrated in Figure 10. (Figure 9 and Figure 10 haven been 

45 In Figure 9 we draw all the price lines cutting the transformation curve from above, which is only one 
possible case (as discussed in Section 6.4). This scenario indicates that for the society, the benefit from an 
expansion in good X(z) dominates the cost of the associated decline in employment. 
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Figure 9: The Constrained Transformation Curve 

with a Perverse Output Response to Price 

If 
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Figure 10: The Domestic Excess Supply and Foreign Import Demand Curves 

M(E*) O E{M*) 
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labeled similarly to make comparison of them self-explanatory.) Here, the relative price 

PA and P*A represent the domestic autarky price and the foreign autarky price 

respectively. Two foreign import demand curves are depicted to show the possibilities of 

different trade patterns. The solid one is involved with a higher autarky price ratio 

(relative to Home) and therefore requires the import of good X in free trade; the dashed 

curve is associated with a lower autarky price ratio (relative to Home) and therefore 

requires the export of good X in free trade. It is clear that the equilibrium price in free 

trade is located within the range of the two autarky prices \PA, P*A 1. 

7.2 Free Trade versus Autarky 

Now we consider the implications of free trade for this minimum-wage constrained 

economy. It has been demonstrated that the movement from autarky upward along i^i?, 

is involved with a contraction of good X(Z), which is already under-produced, and an 

increased employment; whereas the movement from autarky downward along i^i?, is 

involved with an expansion in industry X and a loss of employment. Therefore, in 

addition to the terms-of-trade effect, there is a trade-off between higher (lower) 

employment and higher (lower) production of good X[Z), which should be expanded 

from the viewpoint of socially optimal allocation of resources. We may summarize the 

derived conclusion as follows: 

1. The effect of terms of trade is always positive in either trade pattern. 

Davis (1998) did analyze the implications of a minimum-wage constrained economy trading with a 
flexible-wage economy, but without the complications of intermediate goods and economies of scale. 



2. Exporting good X is associated with a contraction in the domestic production of 

X, which aggravates the distortion caused by the difference between the private 

and social marginal product but increases employment. 

3. To maintain the minimum wage, importing good X causes more unskilled labor 

to lose jobs in order to sustain the higher production of good X. This expansion 

to some extent alleviates the distortion of under-production of good X{Z) but it 

comes at the cost of higher unemployment. 

7.3 Comparative Statics 

We have argued that whether free trade shall have a net beneficial impact depends on 

which effect(s) dominates. We will now derive the above results in a more formal and 

complete manner. Recall that (37) represents the social utility function which is strictly 

quasi-concave with positive marginal utilities and dependent only on the consumption 

levels of the two final goods: 

U = U(XD,YD). (37) 

The budget constraint, reflecting equality between the value of the production and the 

national expenditure, is given by (38): 

PXX + Y = PXXD+YD. (38) 

Totally differentiating (37) and (38), it follows after simple manipulation that: 

dU = UY 

f UY^1 

dX 
+ 1 

V«A J 

dY_ 

dP - + (X-XD) dP (79) 
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dY 
Here, — is positive due to the perverse output response to price. In contrast to the 

conventional CRS case, dU is not necessarily equal to zero when (79) is evaluated at 

autarky. This is because of the ambiguous relationship between the price ratio and the 

dY 
slope of the transformation curve in the present model. In the event of P which 

dX 

implies a tangency between price line and transformation curve, we would obtain the 

standard result that any infinitesimal change in P has no effect on social welfare when 
dU is evaluated at autarky. Otherwise when evaluated at autarky, will be either 

dY 
positive or negative depending on whether P is smaller or greater than . 

ctX 

As indicated by (79), we may think of the change in welfare as being made up of 

two parts: the net effect of changes in production and employment, and the terms-of-trade 
f r , „ \ - i N\ 

effect. To simplify the exposition, we define B = P 
UY^ 

+I 
v \dXj j 

dY „ . 
— . Given the positive 
dP 

term — , the sign of B therefore depends only on the relationship between the price 

dY 
ratio P and the slope of the transformation curve . Specifically, we have 

dX 

dX 

P < - — <^ B>0, 
dX 
dY 

P>-— o B<0. 
dX 

Now rewrite (79) as follows: 
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— = BdP + (X-XD)dP, (80) 
Uy 

Note that the welfare outcome of free trade in general involves a finite movement 

along the transformation curve.47 With regard to (80), since the terms-of-trade effect 

(X-XD)dP is always positive in either trade pattern, we should focus our attention on 

the first part. If throughout this finite movement the sign of B does not reverse (either 

B > 0 or B < 0), then the sign of the overall effect BdP along this finite movement will 

be determined by the trade pattern (the sign of dP ). However, if the sign of B changes 

from positive to negative or vice versa as the home country moves from autarky to free 

trade, then the sign of the overall effect BdP along this finite movement will be 

ambiguous. Bearing in mind that the terms-of-trade effect is always positive, we 

immediately obtain the following conclusions. 

Proposition 4 

A: If B>0 throughout the movement from autarky to free trade, the overall 

change in domestic welfare will be positive for the case of exporting good 

X{dP > 0) and ambiguous for the case of importing good X{dP < 0). 

B: If B < 0 throughout the movement from autarky to free trade, the overall 

change in domestic welfare will be positive for the case of importing good 

X (dP < 0) and ambiguous for the case of exporting good X (dP > 0). 

C: If the sign of B changes from positive to negative or vice versa as the home 

47 As earlier mentioned in Section 5.2, a finite movement can be regarded as the sum (integral) of all the 
infinitesimal movements. If the sign of each infinitesimal movement does not change, this qualitative 
information will enable a conclusion to be reached regarding the sign of the associated integral. If the signs 
of the infinitesimal movements change, then the sign of the integral over these infinitesimal changes will be 
ambiguous. 
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country moves from autarky to free trade, then the net welfare effect of free trade 

in either trade pattern will be ambiguous, though the terms-of-trade effect is 

always positive. 

In contrast to the ambiguity at Home, in the foreign country where there is no 

externality or unemployment issue, social welfare is always improved by the gain from 

trade. 



8. Implication of Outsourcing 

8.1 Introduction 

The impact of growing trade with developing countries on labor markets in 

developed countries has been a source of great concern for many years. Although 

economists since Adam Smith have explained how free trade raises the wealth of nations 

and the material well-being of their citizen, many people remain skeptical. Their doubts 

are reinforced by politicians and commentators who point to jobs lost to more imports 

from low-wage countries due to globalization. The growing importance of the 

international procurement of intermediate inputs has added fuel to this fire. When the 

production of the intermediate goods moves to foreign countries, the fear at the home 

country is that jobs will be destroyed and unemployment will rise. A recent estimate by 

Forrester Research suggests that there will be job losses totaling 3.3 million white collar 

jobs by the year of 2015, and the prediction by Deloitte Research shows that outsourcing 

will shift 2 million financial-sector jobs by the year 2009. Other estimates by Bardhan 

and Kroll (2003), that 11 percent of American jobs are potentially at risk of being off-

shored, have drawn more attention from politicians and journalists. However, those 

authors do not clarify whether the prediction is that the US economy will have fewer jobs 

than it would otherwise have had because of outsourcing, or that outsourcing will cause 

those workers to shift into different jobs. 

While the relation between outsourcing and unemployment has been an important 

issue for the public and politicians, not very much careful theoretical analysis about this 

relationship has been conducted. Mitra and Ranjan (2007) construct a two-sector model 

where unemployment is caused by search frictions, and they find that wage increases and 

92 
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sectoral unemployment decreases, something can be explained by the productivity-

enhancing (cost-reducing) effect of outsourcing. Their results are consistent with the 

empirical findings of Amiti and Wei (2005a, b) for the US and the UK, which offer no 

support for the anxiety of "massive job losses" associated with outsourcing. In fact, using 

data on 78 sectors in the UK for the period 1992-2001, Amiti and Wei find a positive 

relationship between employment and outsourcing in many of their specifications. 

The purpose of this chapter is to examine the effect of outsourcing on unemployment 

that arises when there is a binding minimum-wage constraint. We find that outsourcing 

has a positive effect on employment, but at the same time it aggravates another distortion 

by further reducing the production of good X{Z). Therefore, despite there being a cost 

saving and an increase in employment, the net impact of outsourcing on welfare is 

ambiguous. The main assumptions and ideas follow the discussion of international 

outsourcing in Chapter 5, the only modification being that a minimum wage is now 

specified for this economy. For simplicity, we still take good Y as numeraire and set 

PT=1. 

8.2 The Excess Supply and Import Demand Curves 

It was shown in Chapter 4 that V > V* and Pz < P* under free trade due to the 

technology difference across countries where g ( Z ) > l at Home and g*\Z*) = 1 abroad. 

This difference in unit costs of the intermediate inputs gives the home country an 

incentive to outsource part T to enjoy the lower production cost overseas. We will first 

examine how outsourcing would affect domestic export supply and foreign import 

demand at constant terms of trade. Once these effects have been determined, we are able 
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to derive the change in the world price P* which would restore equality between world 

supply and demand. 

Recall that at an arbitrary relative price, say the equilibrium price P* in free trade, 

when T is completely outsourced to the foreign country at a lower price V*, the 

domestic price Pz must rise in order to maintain P* constant given that P* = aPz + V*. 

The domestic wage ratio is fixed at a by the binding minimum wage, and as previously 

illustrated in the Lerner diagram this a> determines the value of Pzg(Z) given that 

PY = 1 . Therefore, with a rising Pz , g(Z) must decrease to keep the term Pzg{Z} 

constant and hence maintain the tangency between the dollar's-worth isoquant \l Pzg{Z) 

and the fixed isocost line. As a result, the production of good Z decreases as will the 

supply of good X due to the Leontief production technology. 

This would imply not only that the factors released from the original domestic 

production of T need to be completely absorbed by industry Y, but also that the factors 

released by the decrease in Z will go to industry Y. Given the assumption that good Y 

is the least skill-intensive, when the factors move from industries T and Z into industry 

Y , the required increased demand of unskilled labor can be met from the pool of 

unemployment. Therefore, unemployment is reduced without violating the minimum 

wage. A straightforward illustration of these changes is given in Figure 11 using the 

Edgeworth box framework, where unskilled labor is measured horizontally along 

OA{0'B^ and skilled labor is measured vertically along OB^O'A). 

Here, Oa, ab and be, reflecting the ranking kz > kT > kY, represent the output levels 

of good Z, T and Y respectively at the free trade equilibrium, where everything 
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Figure 11: The Effect of Outsourcing on Employment at Constant Terms of Trade 

Unskilled Labor 

O Unskilled Labor 
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is domestically produced. The binding minimum-wage constraint causes unemployment 

of unskilled labor denoted by cO', which confirms that the constrained transformation 

curve /?ji?2 is below the conventional full-employment PPF. It is clear that the skill-

intensity in each industry is fixed by the minimum wage, and therefore any change to this 

equilibrium must be through changing employment of unskilled labor. The Edgeworth 

box diagram illustrates that when the production of T is outsourced and when the output 

of Z falls, industry Y will expand from be to ed while unemployment of unskilled 

labor decreases from cO' to dO' ,48 

We shall now turn to the domestic demand side. Here, national income / needs to be 

modified from that used in Chapter 5 to take into account the existence of unemployment, 

so that we have 

l{co,S,L) = WsS + WLL, (51') 

£\ r 

from which we can obtain — = WL > 0 implying that national income is increasing as 

dL 

employment of unskilled labor L rises at constant factor prices. It follows that the 

substitution effect is zero at unchanged relative price, and the positive income effect 
should raise the consumption of both normal goods. Therefore, the excess supply of good 

X (E = X - XD) at the given price P* is reduced since domestic supply decreases 

whereas domestic demand increases. In what follows, we will only consider the trade 

48 The Edgeworth box diagram here embodies the previous assumption that home always operates on the 
constrained transformation curve. Under these circumstances, d must be to the left of O' to ensure that the 
minimum-wage constraint is binding and that unemployment exists. 
49 It is possible that the domestic excess supply could become negative following these changes in supply 
and demand at the constant good prices, whence the trade pattern will be reversed. This possibility will not 
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pattern where the home country exports good X at outsourcing although the analysis can 

be readily extended to the importing case. 

Since the above arguments hold for every given relative price consistent with the 

constrained transformation curve, the opportunity to outsource will shift domestic excess 

supply curve to the left as illustrated in Figure 12. In Chapter 5 with flexible wages and 

full employment, complete outsourcing induces a fall in the real wage of unskilled labor 

with an expansion of the most skill intensive good at constant terms of trade. In this 

present minimum-wage framework, however, the incipient fall in the real wage is instead 

stanched via the decline in the production of Z , which is associated with a higher 

employment level, in order to maintain the commitment to the minimum wage.50 

The discussion of the effects on the foreign country follows very similar lines to that 

presented in Chapter 5. Again, domestic outsourcing requires an expansion of the foreign 

production of T and reductions in the supplies of both goods X and Y at the constant 

commodity prices. Foreign national income is not affected because the foreign country 

operates at full employment and the wage rates are held constant by Samuelson one-to-

one correspondence. Therefore, the foreign import demand for good X must increase at 

that given price P* since supply decreases while demand remains constant. This will 

shift foreign import demand curve to the right as illustrated in Figure 12. 

Figure 12 reproduces domestic excess supply curve and foreign import demand 

curve from Figure 11 (only for the case where Home exports good X) and depicts the 

shifts of the curves caused by outsourcing. The superscript "F" and "O" denote free 

trade and outsourcing respectively, so that NF is the free-trade equilibrium while N° is 

be explored here. 
50 See Appendix 4̂10 for a rigorous discussion. 



Figure 12: Shifts of the Domestic Excess Supply 

and Foreign Import Demand Curves 

M{Ef) O E(JMT) 
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the outsourcing equilibrium. In addition, the domestic output response to price is still 

perverse with outsourcing, due to the external effect and minimum-wage constraint. The 

derivation of a precise formula for the output response to price is provided in Appendix 

All , where we also demonstrate that in the presence of complete outsourcing, 

employment of unskilled labor still increases as industry Y expands and decreases as the 

production of good Z ( x ) increases. 

8.3 The Implications of Outsourcing 

In this section we investigate the effects of outsourcing on social welfare with a 

special interest in the employment of unskilled labor when the equilibrium moves from 

NF to N° as illustrated in Figure 12. From this diagram, we observe that the relative 

price at outsourcing is clearly higher than that under free trade, while the change in the 

volume of trade is ambiguous depending on the shift of each curve. 

As shown in the previous section, at constant terms of trade outsourcing induces a 

reduction in the domestic production of good Z in order to maintain the minimum wage. 

In addition, the changes in excess supply and import demand brought on by outsourcing 

require the world commodity price to rise in order to clear the world market and restore 

the equilibrium. Given the perverse output response to price in the presence of complete 

outsourcing, this increase from P*F to P*° will reduce the domestic production of good 

Z(X) further. Taken together, these two negative impacts on the production of good 

X ( z ) imply that the production equilibrium at outsourcing must lie somewhere to the 

left of the production point in free trade in Figure 13; where RXR2, reproducing the curve 
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from Figure 9, is the transformation curve before outsourcing; and R^R4 represents the 

production possibilities when complete outsourcing occurs.51 

The transformation curve R3R4 lying outside Rfy simply reflects the fact that extra 

factors released from T now are available for the two remaining industries with a higher 

employment level of unskilled labor. The movement from NF to G at the constant price 

P* is associated with a decline in unemployment as the output of good Z decreases, 

which was demonstrated by the Edgeworth box diagram in Figure 11. On the other hand, 

due to the perverse output response to price along R3R4, the movement from G to N° is 

also associated with a decreasing output of good Z and an increasing level of 

employment with the rising P*. 

As we have explained, any change in production induces a two-edged effect to the society, 

which either expands industry X(Z^ with economies of scale but causes more job loss, 

or lowers the output of X(Z) but raises employment. In the present situation, there is a 

decline in the production of X(Z) and hence a rise in employment. Thus, the net impact 

on welfare will be ambiguous depending on the relative magnitude of the two opposite 

effects (which can be indicated by the relationship between the price ratio P* 

\dY\ 
and the associated slope of the transformation curve 

dX 
)• 

51 Keep in mind that the value of the production associated with RiR4 is higher than the national income 
which home can spend, because part of the production has to be used to pay for the imported fragment T . 
In other words, home cannot consume on the points along R^R^ but somewhere below R3R4. Since we are 
interested in the impact on employment, investigating the production side is sufficient for our present 
purposes, and we need not derive the actual consumption point here. 
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Figure 13: Decomposition of the Effects of Outsourcing 

on Production and Employment 

P*0 > P*F 

x° <xF 



102 

To summarize, outsourcing reduces unemployment relative to free trade, but this 

benefit is at the cost of a further contraction in industry Z which is already under

produced from the social viewpoint. This outcome is independent of the trade pattern. On 

the other hand, the rising trading price implies that the terms-of-trade effect is positive if 

the home country exports good X and is negative if the home country imports good X . 

Therefore, the overall effect of outsourcing on social welfare is ambiguous depending on 

which effect(s) dominates, even though there is always a cost saving. Of course, the 

deterioration (improvement) in the foreign terms of trade will result in a net loss (gain) to 

that country. 

On this basis, one possible outcome could be that outsourcing makes both countries 

worse off compared with free trade. This result may seem surprising: that outsourcing an 

intermediate input to a cheaper-cost country while continuing the production in another 

industry where the home country has an externality-based comparative advantage would 

harm both economies. However, this type of immiserization is not rare, where some 

activities that are supposed to generate welfare improvement, actually lead to bad 

outcomes because of additional distortions. For example, it is well known in standard 

trade theory that if capital flows into a tariff-ridden economy where the importable good 

is capital-intensive, immiserization is inevitable if the capital flow is small and does not 

eliminate the trade of final goods. We shall now turn our attention to explaining why 

immiserization can occur in our model. 

Given the cheaper outsourcing price V* of one intermediate input and the positive 

externality associated with another intermediate input in the remaining industry, it might 

appear that the final outcome of outsourcing should be "a higher output of the final good 
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with a lower price". However, this is not the case here due to simultaneous presence of 

two distortions, the production externality and the binding minimum-wage constraint. 

Home's commitment to the minimum wage not only prevents the expansion of industry 

Z , but actually forces Home to reduce the production level further as outsourcing occurs. 

When this negative effect from the contraction of the industry which should have been 

expanded dominates the positive effect from the associated increase in employment, 

immiserization might well happen.52 

One reason why the unfavorable outcome of outsourcing may occur is that the home 

country has been assumed to remain in diversified production. Recall segment i?,M, in 

Figure 8, which corresponds to complete specialization in good X . It is known from 

Brecher (1974a, b) that moving along this segment towards Mi is through a successively 

higher output of good X and a greater level of employment, where the unemployed 

unskilled labor can bid the wage down in terms of good X without violating the 

minimum wage defined in terms of good Y . If the outsourcing equilibrium occurs on this 

segment, then the trade-off between a higher production of X and a higher employment 

level no longer exists because employment increases with the expansion in industry X . 

If the production point is close enough to Mi (full employment), then the employment 

level may exceed that under free trade. 

Since the effects of outsourcing on production and employment are independent of 

the trade pattern, the conclusion that outsourcing reduces unemployment at the cost of a 

As indicated previously, the terms of trade effect is negative when home imports good X , so that 
immiserization must occur in this case. On the other hand, the terms of trade are improved when home 
exports good X , then immiserization may still occur if the negative effect from the contraction of industry 
Z(X) is strong enough. 
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further deduction in the supply of good X{Z} still holds when the home country imports 

X . The only difference compared with the case of exporting good X , would be that the 

increase in the equilibrium price is now a deterioration in domestic terms of trade but is 

an improvement to the foreign country. Therefore, the net outsourcing effect is still 

ambiguous for the home country, but is clearly a gain to the foreign country. 

To close our discussion in this chapter, a summary of the impacts of outsourcing 

relative to free trade is provided in the following table. 

Table 1: The Impacts of Outsourcing relative to Free Trade 

Home 
Exports X 

Home 
Imports X 

Home 

Terms of Trade 

improved 

deteriorated 

Employment 

increased 

increased 

Output of Z 

contracted 

contracted 

Net Welfare 

ambiguous 

ambiguous 

Foreign 

Net Welfare 

loss 

gain 



9. Conclusion 

This thesis extends the traditional trade model in ways that appear to be justified by 

practical evidence. Our approach builds on a two-factor two-commodity framework with 

a pure intermediate good which exhibits external IRS. This model offers an explanation 

for the recently observed phenomenon of skilled-labor outsourcing and also contributes 

to the debate over why an increase in the skill-intensive production should occur in the 

face of a rising skilled-labor wage rate. 

For the case with flexible wages and full employment we show that although there is 

always a cost saving, outsourcing can lead to either an improvement or a deterioration in 

terms of trade for the home country. This ambiguous change in the world commodity 

price ratio would also have an uncertain influence on the production of good X(Z^ 

which should be expanded from the social viewpoint. As a consequence, the net effect on 

social welfare is ambiguous and the impact on the wage ratio can also be either positive 

or negative depending upon the direction of the change in Pzg{Z}. However, the 

increased production efficiency due to outsourcing could generate an expansion in the 

world PPF, which would make it possible for both countries to gain. For a small open 

economy with unaffected terms of trade, the cost saving and the expansion of the industry 

with positive externality therefore yield a net welfare gain despite the falling wage of 

unskilled labor. 

In order to examine the possible effects of free trade and outsourcing on 

unemployment, we then extend our framework by adding a binding minimum-wage 

constraint in the unskilled-labor market. In this case with simultaneous presence of two 

distortions, the production externality and the minimum wage, the output response to 

105 



106 

price becomes perverse along the constrained transformation curve associated with 

diversification. The two distortions also generate a trade-off between a higher output of 

good X{Z) and a greater level of employment of unskilled labor. It follows that, in 

addition to positive terms-of-trade effect, free trade associated with exporting good X 

leads to a decline in the production of that good and increased employment, whereas 

importing good X leads to an expansion in that industry but causes the home country to 

suffer more unemployment. We then show that the introduction of international 

outsourcing, rather than threaten employment, actually enhances it. However, this benefit 

comes at the cost of aggravating another distortion by further decreasing the production 

of the good which is already being under-produced. In contrast to the implications under 

free trade, these impacts on production and employment are independent of trade pattern 

while the terms-of-trade effect may now be either positive or negative (depending upon 

the trade pattern). Again, due to the two distortions in this economy, outsourcing may 

yield a net loss to the home country as the final outcome. 

This study demonstrates that concerns about welfare-reduction and job-loss effects of 

outsourcing may have been greatly exaggerated. This demonstration is consistent with 

recent empirical findings. 
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Appendix A 

1. The Equality between Price and Unit Cost for the Good Embodying the 

Externality 

Recall that (2.1) takes the special separable form, so that the function z{Sz,Lz) can 

be considered as an index of factor input, which is used with a productivity measured by 

g(Z) to yield the total output of good Z . Denoting Pz as the price of good Z and 

letting CZ(WS,WL) be the unit cost associated with z(Sz,Z,z), we have the following 

equation by competitive pricing: 

Pzg(Z) = C2(Ws,WL). (Al.l) 

Here, Pzg(Z) is the unit return to the factor input index z{Sz,Lz). On the other hand, 

the industry's total cost can be represented by the product of unit cost per factor input 

index (C2(WS,WL)J and total units of the index used in production 
f Z ^ 

Therefore, 

the unit cost of good Z should be equal to the total cost divided by the total output, 

C (W ,W ) 
which yields ——f\L . It is clear that this term is also equal to the unit price Pz as 

indicated by (,41.1). 

2. The Slope of the PPF 

The Lagrangian function is set up as follows. Here we are interested in solving for 

the Lagrange multiplier / which represents the slope of the PPF. 

L = Fy(SY,LY) + y[x-T(ST,LT)] + y/[z-g(Z)z(S-ST -SY,L-LT -LY)] + %[Z-aT(ST,LT)] 
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8L 
F.O.C — = Fs

Y
+V,g(Z)zs=0, 

as*, 
dL 

8LY 

PL 

dST 

8L 

8LT 

8L_ 

dZ 

= F[+y/g(Z)zL=0, 

= -rTs+iyg(Z)zs-%aTs=0, 

= -yTL+Vsg(Z)zL-taTL=0, 

¥ [ l - g ' ( Z ) z ] + £ = 0, 

(.42.1) 

(All) 

(A23) 

(A2A) 

(A2.5) 

where F / (^ / ) denotes the marginal product of S(L) in the production of Y, while the 

remaining terms such as zL and Ts are defined in the same manner. Rewrite (A2.5) as 

-€ = y[l-g'(Z)z]. 

Substituting (^2.5') into (^2.4), we obtain 

-yTL+y,g(Z)zL+¥[\-g\Z)z]aTL=0. 

Solving for y/ yields 

(^2.5') 

(A2A') 

W 
YTL 

g{Z)zL+[l-g<(Z)z]aTL 

Now substituting (.42.6) into (.42.2) and solving / , we have 

r = -
F[ { Fr

La(l-g<(Z)z) 

T, g(z)> 

(A2.6) 

(A2J) 

Profit maximization requires equality between the value of the private marginal product 

of each factor and the return to that factor, which leads to the following equations: 

VTL=WL, 

Pzg{Z)zL=WL I > 

PyF[=WL. 

(.42.8) 
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Using (,42.8),(2.1) and (5), it follows after simple manipulation that 

(.42.9) r = - -^-as^-
yPy Py j 

3. Comparative Statics and Analytical Relationships 

To generalize the well-known Jones's (1965, 1968) algebra for our purpose, start by 

totally differentiating (7.1),(7.2) and (6.1) —(6.3) , after appropriate substitution we 

obtain: 

aTSdT + azSdz + aYsdY = dS - (TdaTS + zdazS + YdaYS ), 

aTLdT + azLdz + a^dY = dL- (TdaTL + zdazL + Yda^ ), 

aTSdWs +aTLdWL +adPz - dPx -(WsdaTS +WLdaTL), (.43.1) 

aYSdWs + aYLdWL = dPY -{WsdaYS + W^a^), 

azSdWs +azLdWL-g(Z)dPz -Pzg<{Z)dZ-(WsdazS+WLdazL), 

where atJ denotes the quantity of factor j(=S,L) required to produce unit of good 

i[=T,z,Y). Since each firm minimizes unit cost taking the factor prices as fixed, the 

minimum-unit-cost condition of equality between the marginal rate of technical 

substitution (among the two factors) and the ratio of factor prices implies 

WsdaiS + WLdaiL =0, i = T,z,Y. (A3.2) 

Equation (.43.2) embodies the idea that, while holding other things unchanged, 

alternations in factor proportion must be balanced out such that the wage rate weighted 

average of the changes in input coefficients of each industry is zero. Note that although z 

and Z are two different measures, they represent the same industry and the actual 

amount of factors utilized in z and Z are exactly the same. Total differentiation of (2.1) 
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and (5) yields 

dZ = ̂ \dz, (^3.3) 
(1-,) 

adX = adT = dZ, \A1>A) 

where E is the elasticity of the externality. Let the "hat" notation indicate the 

proportionate change of a variable, so that X denotes dX IX and P denotes dPI P. 

Following this, (^3.3) and (.43.4) can be rewritten as 

(,43.3') 

(,43.4') 

7 -

x = 

(1 

--T--

z 

-') 

= Z. 

Substituting (A3.2), (A3.3') and (A3.4') into (,43.1), we obtain: 

AjSX + A.zs (l-s)X + AySY = S -(^rSaTS + A^a^ + XySdYS), (A3.5) 

A^X + hZL(\- s)X + XyjY = L-(ATLaTL + AZLaZL + A7LaYL), (A3.6) 

dTSWs+dTLWL+dxzh = 4 . (̂ 3.7) 
ejTs+e^w^Py, (A3.%) 

OzSWs+ezLWL-Pz=(EJ\-e)z. (A3.9) 

Two types of coefficients appear in these equations: Atj and 6tj, i = T,Z,Y; j = S,L,Z. 

Here /L. denotes the fraction of factor j employed in industry i while 9tj refers to factor 

j 's distributive share in industry i. Specifically, these coefficients are defined as follows: 
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_ aTSl , _ aYs^ i _ azsz 

_ aTLI _ a^i _ azLz 
^TL — j » AYL — j i ^ZL — T •> 

_ aTSWs _ aTLrVL _ a"z 
TS ~ p ' TL ~ p ' xz ~ p 

"x "x "x 
_ aYSWs _ ayjyvL 

UYS — p •> UYL — p ' 

a - a*sWs n _ aJ^L 
°ZS — r, ( ry\ ' °ZL pzg{zy pzs(zy 

It is straightforward to derive the following relationships: 

/hs """ ^ZS "•" / V5 — *> 

^TL+^ZL+^YL = *> 

t / r a + C7ri + Oxz = 1, 

#zs + ^ZL = 1 • 

Now consider coefficient a~ in ( J 3 . 5 ) - ( ^ 3 . 9 ) . Given the homothetic production 

function, ay only depends on the wage ratio co . Define o\ as the elasticity of 

substitution between skilled labor and unskilled labor: 

a(s,iL,)(wLiw,) 

d(WJWs) (SJL,) 

Rewrite cri in terms of coefficient ai} as follows: 

a^ais~aiL , i = T,Z,Y. (A3.10) 
WL-WS 

Using (A3.2\, we can derive 

3 A + 0 , A = O . (^3.2') 

Now we could solve for atj from (J3.10) and (,43.2'). For example, for industry T we 
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have 

(eTS+eTL )aTS = eTLaT (wL - w s ) . 

Solving for aTS yields 

aTS 

Px6TLcrT{WL-Ws) 

V 

Similarly, we can obtain 

(v43.ll) 

, PX^T(WL-WS) 
aTL V ' (,43.12) 

<=-^yOYS{WL-Ws), (,43.14) 

aZL=-°zOzs{WL-Ws). (-43.16) 

By substitution of (,43.11)-[A3.16), we simplify (,43.5) and (,43.6) to 

[Xrs+Zzs{l-s)]X + AYSY = S + Rs(ws-WL), (A3S) 

[ATL+AZL{1-£)]X + AYLY = L-RL(WS-WL), (A3.6') 

where Rs = X^ x ™ + Xzs8ZLaz + A^O^a?, RL = AjL
 x ™ + AZL9zsaz + A^d^ay. 

Now (ASS), (,43.6') and (,43.7)-(,43.9) constitute the key equations (12.1)-

(12.5) above in section 3.2. 

4. The Normal Output Response to Price of the CRS Intermediate Good 

Rewrite (33.1) and (33.2) as follows: 

http://v43.ll
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dpx 

dX 

dpz 

dX 

_ Px 
/jxX 

_ Pz 
fixX 

\\A\(,eTS®YL -eTL0Ys) + BXZ (0ZS0YL ~0zAs)j ~ 0XZ£Vx J> (MA) 

[M(ezs9YL ~°zLdYS)-£Mx]- (A4.2) 

Totally differentiating equation V = PX— aPz with respect to X yields 

dV dPv dP 

dX dX dX 

By substitution of (^4.1) and (^44.2), we rewrite [AA.3) as 

dV 1 

^ - a ^ . (,44.3) 

[Px\A{dTsOrL-0TLeYs)\- (^4.4) 
dX Mx-X 

Given the skill-intensity ranking kT>kY, it follows that 6TS0YL - 0TLdYS > 0 which implies 

dX 

5. The Form of the Externality 

ds 
The assumption — = 0 requires g(Z) to take an exponential form g{Z)-KZe, 

where K is a constant, and K = 1 in our case. From the definition of s, 

SJZ)_e 

s{z) z 

Integrating both sides of this equation with respect to dZ , we have 

m^-dz=\±dz, 
ig(z) Jz 

log[g(Z)] = ^logZ + log#, 

= log(^Z£) , 

= log(Z*), 
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after setting K = 1. Therefore, 

g(z)=z\ 

From the properties of power functions, it is known that g (Z ) < 1 when 0 < Z < 1 given 

that 0<£<1. Considering the production function Z = g{Z^z{^Sz,Lz), it is clear that 

Z <z(Lz,Sz) when Z < 1 , which indicates a DRS production technology. Here, for 

illustrative purposes and to avoid this inconsistency, we simply assume that Home will 

produce more than one unit if she chooses to produce that good. 

6. Discussion Regarding the Assumption of Complete Outsourcing 

Due to the technology difference across countries, free trade in both final goods as 

well as fragment T is not consistent with the situation where both countries produce all 

three goods (Z , T and Y). This can be easily illustrated using the Lerner diagram. 

Therefore, if the foreign country fully diversifies while having free trade in final goods 

and intermediate good T, the home country must specialize in producing no more than 

two goods. The assumption of complete outsourcing above where the home country 

produces only Z and Y, whereas no restriction is placed on the foreign production, is 

simply adopted in order to deal with this matter. 

In fact, the main idea underpinning the discussion in Chapter 5 is applicable for <p 

increasing from zero to any arbitrary level <p . In our paper, q> is simply assumed to 

reflect the entire quantity required by Home (complete outsourcing). In addition, the 

assumption of complete outsourcing seems to be quite reasonable for a small open 

economy, though perhaps less appropriate for a large country. In the paper, we adopt this 
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assumption for simplicity, as have others in their research. For example, see Feenstra and 

Hanson (1996 a, b), Arndt (1997) and Deardorff (2001). 

7. The Slope of the PPFZY at Outsourcing 

Equation (^47.1) states equality between the value of the total production and the 

national income: 

PZZ + PYY = WSS + WLL. (ATA) 

Total differentiation of (^47.1) yields 

ZdPz +PzdZ + dY = SdWs + LdWL. (A12) 

The full-employment conditions of both factors imply that 

azs
z + aYsY = s> 

azLz + aYLY = L. 
{A13) 

Recall that (6.2) and (6.3) are given by 

aYSWs+aYLWL=\, (6.2) 

ctzSWs^azLWL=Pzg{Z), (6.3) 

after setting PY = 1 for the numeraire good. Totally differentiating these two equations, 

we obtain 

aYSdWs + aYLdWL = 0, 

ds(Z) iA1A) 
azSdWs+azLdWL=g(Z)dPz+Pz-^dZ. V ; 

aZ 
Now substituting (A1.3) and (A1A) into (AT.2), it follows that 

dZ PY
y J 
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8. The Curvature of the PPFZY at Outsourcing 

The derivations here are similar to that as in autarky, except that all the coefficients 

related to T disappear due to the assumption of complete outsourcing. Following this, we 

have 

Azs(\-s)Z + XYSY = S + Us{ws~WL), 

^(l-s)Z + Aj = L-UL(ws-WL)t 

ezsws+eZLwL-Pz=(^-sYz, 

(,48.1) 

(,48.2) 

(,48.3) 

(,48.4) 

where Us=XYS9YL<jY+lzs0ZLcrz, UL= XYL0YSaY + AZL9zsaz . All other coefficients are 

defined in the same manner as in autarky. Solving (,48.1) and (,48.2) for Z yields 

Z = Mz {ws-wL\ (,48.5) 

where \^z\ = {^zs^YL-^ZL^YS)i}~£) a n ^ Mz =^S^YL+^L^S • Both \AZ\ and fiz are 

positive, given 0 < e < 1 and the assumed skill-intensity ranking. Recall that z = (l - s) Z 

and then substitute (,48.5) into [ASA) yields 

&zs-
£{lz 

\X 
ws + 

'z\J 
&ZL + 

Wz WL-PZ (,48.6) 

Now (,48.3) and (,48.6) constitute a system relating factor returns and commodity prices: 

0'zsWs+0>ZIWL=Pz, 

0ySWs+0^WL=PY. 

Define 8'z as the two-by-two matrix: 
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(f 

e ' z -
U2S UZL 

ft' ft' 
V YS °YL J 

0. 
£fiz 

zs u •z\J 

02L + 
Wz 

^ 

•z\j 

fl YS 9 YL J 

Clearly, the relationship between factor returns and commodity prices relies on the signs 

of each element 9\.,i = Z,Y;j -S,L and \d'z\, the determinant of matrix Q'z. Using PY = 1, 

we solve for the relative change in w due to a change in Pz : 

00 
~ _ 1 /» ~ \ _ 1 ~ 

Ws~Wh=WvPz~PYrW\Pz' 
(,48.7) 

where \9'Z\ = {9ZS9YL -&ZL&YS)~T^\ • Substituting (,48.7) into (.48.5) yields 
U, 

Pz = ' z " Z | Z 
Mz 

(,48.8) 

Given that both |/tz | and juz are positive, the output response to price depends on the 

sign of \9'z\ which is ambiguous. Define\9* = (<9ZS#H, -9ZL9YS) which is certainly positive, 

we have \0'z\ = \9*\ 
UJ 

. Now (y48.8) can be rewritten in the following way: 

Pz = 
j_r 
Mz 

\K d*\-£fjz (43) 

which is (43) in section 5.1. As discussed in that section, it is known that the curvature 

of the PPFZY is dependent only on whether the output response to price of good Z is 

normal or perverse. Since the sign of the overall coefficient in (43) is ambiguous, the 

PPFZY can be either concave or convex. 

Now consider the neighborhoods of the end points. In the neighborhood of Z = 0, 
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//z approaches XYSXYIpY while \XZ\ goes to zero. Thus, (43) indicates that the output 

dP sP 
response to price is given by — - = — which is negative. Substituting this equation 

dZ Z 

d2Y dP d2Y 
into (42) —5- = - ( l - £ ) | / l z | , it is clear that the sign of — j - is positive which 

implies the convexity of the PPFZY. On the other hand, when the production of good Y 

goes to zero, both terms juz and \AZ | approach zero. However, the approaching speed of 

i , I4l 
juz is faster than that of Uz , which implies that J—L must go to positive infinity. 

Mz 

dP 
Following this, the sign of —— is positive and the PPFZY is therefore concave in the 

dZ 

neighborhood of Y = 0. 

9. Multiple Equilibria of the Minimum-Wage Model 

Figure 14 illustrates our discussion below. 

a. When the price ratio P goes to infinity, there must be an excess supply of good 

X ; when P approaches zero, there must be an excess demand of good X . 

Therefore, the two end-range of the excess supply/demand curve ab andy'A: must 

be upward sloping, (specialization) 

b. Suppose point / denotes the autarky equilibrium. In order to ensure this 

equilibrium to be stable, the section of the excess supply/demand curve through 

this point must be upward slopping, which implies that there is an excess supply 

of good X as the price increases and an excess demand of good X as the price 

falls, (diversification) 
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c. Due to the perverse output response to price along the constrained transformation 

curve R2R^, we shall move toward R2 with a falling production of X if there is 

an increase in P. When we reach R2 on the transformation curve, there is an 

excess demand for good X which can be represented by point c on the excess 

supply/demand curve. Conversely, as P decreases we move toward i?, with a 

rising production of X. When we reach Rx, there is an excess supply of good X 

which is illustrated as point / on the excess supply/demand curve, (specialization) 

d. Points c and i imply that the curves fe and fg must cross back over the vertical 

price axis again, which yields another two intersection points d and h . It is 

straightforward to see that these two equilibria are unstable, (diversification) 

Figure 14: Multiple Equilibria of the Minimum-Wage Model 

ED ES 

In summary, we cannot rule out the possibility of multiple equilibria in the present 
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situation. Since we are interested in diversified and stable equilibria, assume that there is 

exactly one such equilibrium, such as / , and that the following condition holds at 

interior points along the entire constrained transformation curve R^^: 

d(XIY) 

dP 
< \a\P)\. 

10. The Positive Relationship between the Real Wage of Unskilled Labor and the 

Demand for Unskilled Labor at Constant Terms of Trade 

We now show that at constant terms of trade, the relationship between the real wage 

of unskilled labor and the demand for unskilled labor is positive. To begin, recall the 

production function for good Z given by (48). Allowing unemployment of unskilled 

labor to occur in the minimum-wage model, we rewrite the function here as 

Z = Z(<p,a,S,Lj. (.410.1) 

Next, recall that the Lerner diagram implies the following equation 

z=z(co,p;) = g 
f h(a) A 

PZ(CD,P;) 
(,410.2) 

7^7 

where g(«) is the inverse function of g(»); and -g'(') 
1 dh(>) h dPz 

yPz da Pi da j 
>0 

since g'(A > 0, — ^ > o and ^ - < 0 . 
da da 

Note that Z from (.410.1) and (.410.2) must be equal, we therefore have 

Z(<p,a,S,L) = z(a,P*). (.410.3) 
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Holding <p at an arbitrary level of (say) zero and totally differentiating (,410.3) at 

constant Pt, we obtain 

dZ , dZ „ dZ . 
da +— dL = da. 

da dL da 

(,410.4) 

Therefore, the solution we are seeking is given by 

dco 

~~dL 

5Z 
dL 

( QZL_dZL 

da da 

(,410.5) 

where 
rdZ__dZ_^ 

da da 

dZ 
is positive as demonstrated in section 5.2.1 and — is the standard 

dL 

Rybczynski term. Recalling that the Rybczynski Theorem holds under the assumption 

dZ 
\9'\ > 0 , we have — < 0 since Z is the good most intensive in skilled labor. Taken 
1 1 dL 

together, these results and (,410.5) implies that < 0 , which ensures that - > 0 . 

5 V ' V dL dL 

This positive relationship between the wage rate of unskilled labor and the employment 

level of unskilled labor is illustrated in Figure 15, where the employment level is 

measured on the horizontal axis and the wage rate is measured on the vertical axis. 

In the full-employment model with flexible wages, we have shown that outsourcing 
leads to a rise in co and hence a decrease in WL, thereby shifting the R curve down to 

R'. On the other hand, with a binding minimum-wage constraint, this shift will result in a 

greater level of employment of unskilled labor (via the decline in the production of good 

Z ) . 
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Figure 15: The Positive Relationship between the Real Wage of Unskilled Labor 

and the Demand for Unskilled Labor at Constant Terms of Trade 
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11. Analytical Relationships for the Minimum-Wage Model at Outsourcing 

Complete outsourcing leads to zero domestic production of T. Since skilled labor S 

is always fully utilized, we have 

Z T- Y 
S = kz+-

g{Z)fZ(kZ) Z fy{kY) 
" ft y • 

Solving (̂ 41 l.l) for 7, we obtain 

0*11.1) 

Y = £-S — ^ZJY 
±—z. kY g(Z)kYf2 

Taking the first and second derivatives of Y with respect to Z yields 

dY _ i}-s)kjfy , Q ; 

dZ g(Z) kYfz 

d2Y _e{l-s)kzfY 

dZ2 g(Z)Z kYfz 
>0. 

(.411.2) 

(,411.3) 

(,411.4) 
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Equations (Al 1.3) and (,411.4) confirm that in the presence of complete outsourcing, the 

constrained transformation curve is also downward sloping and convex. Recall that 

L = + -
g(Z)fz(kz) fY(kY) 

(.411.5) 

Totally differentiating [Al 1.5), it follows that 

z J 

dL _ 1 f kY 

~dY^fr(kY){ ~T 

dL_a{l-e)f k, 

dX fzg(Z){ k 

>o, 

<o, 
Y J 

which imply that employment of unskilled labor is positively (negatively) related to the 

production of good Y(X}. With complete outsourcing, the home country purchases T at 

the foreign price V, so that the domestic commodity-price ratio now can be written as 

(,411.6) p_ (l+_^zR | rfr 

(l + o5kY)g{Z)fz (\ + cokY)' 

By substitution of the fixed-proportion condition aX = Z and taking total derivative of 

[AW.6), we obtain 

dX 

dP 

X 

V*fy 
(l + cokY) 

(AIM) 

Recall that PY = 1 for the numeraire good Y, (^11.7) can be simplified to 

dX X 

dP s(P-V*y 
(,411.8) 

which indicates the perverse output response to price. 



Appendix B 

The Curvature of the PPF: Some Special Cases 

1. Production of good X approaches zero: 

In the neighborhood of X = 0, coefficients 1^ and AZj,j = S,L approach zero. If 

both the production functions of T and Z are continuous, there would be a continuous 

relationship between A^ and AZj associated with the production functions, which would 

ensure the existence of the limit of |A| and /ux . Recall that /ix = Rg^ + RLAyS and 

^A\ = (ATSAYL-ATLArs) + (l-£)(AzsAYL-AZL/lYS). By inspection of these expressions, it is 

known that /ux will approach a constant value AYSAyLaY and \A\ will approach zero as X 

goes to zero. In this case, (30) and (31) in section 3.5 can be modified to 

Pz=-eX. (B.2) 

de 

dX 

ds 
Using the assumption that — = 0 — = 0 L we rewrite (B.\) and (B.2) as follows: 

dX X 

Substituting (B.Y) and (B.2') into (32), we obtain 

d2Y , ^aR 

dZ 

^L = -0M£^ = -^PZ (*•!') 
dX M X X z 

Z - Pz (B.2') 

z = -£(£-!)-
dXL K ' X 

d2Y 
Given that 0 < £ < 1, — - is certainly positive, which indicates the convexity of the PPF 

in the neighborhood of X - 0. 
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2. Production of good Y approaches zero: 

Using similar logic to that applied in the previous case, if the production function of 

good Y is continuous which ensures the existence of the limits of AyS and AyL, then both 

XyS and AJJ will approach zero. It follows that both \X\ and /JX would also approach zero. 

However, since the approaching speed of jux is faster than that of \A\, the term \M/^ix 

must approach positive infinity. Recall that equation (34) is given by 

d2Y 

dX2 
L(|A||(5i|)^+(i-fi)-L(|>i||6r|-^) 

Mx X 

d2Y 
Clearly, equation (34) simply indicates a negative sign of — - , which confirms the 

cLK 

concavity of the PPF in the neighborhood of Y = 0. 

The conclusions of the above two cases are partly consistent with the results found 

by Hergberg and Kemp (1969), Panagariya (1981), Choi and Yu (1984) and other authors, 

who show, given homothetic production functions with IRS in one industry and DRS in 

the other, that the PPF is strictly concave to the origin near the IRS axis and strictly 

convex to the origin near the DRS axis. 

3. External effect a approaches zero: 

If s goes to zero, both terms |/l| and \0'\ will be positive. This returns our discussion 

to the standard CRS case where both the Stolpher-Samuelson and Rybczynski theorems 

hold and the PPF is concave. 

4. External effect s approaches one: 
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When s goes to 1, \X\ will approach X = XrsXYL -XTLXYS > 0 . Following this, we 

could rewrite (30) and (31) as 

Px = 

Pz = 

X e 
•9 

Vx xz 
X, 

X e* 
Mx x. 

(A3) 

(BA) 

Now we show that given ai >\,i = Z,T,Y , the sign of the coefficient in (B.3) is 

uncertain whereas the coefficient in (BA) is negative. First, suppose <JX = <rz = <rY -1, 

then we have 

0 0 
Mx ~ Z „ ^XS^YL +Z ^ ^XL^YS + ^YS^YL + ^ZS^YL^ZL + ^ZL^YS^ZS-

\-e XZ \-e xz 

(B.5) 

Recall that coefficients /L and 9tj must satisfy the following conditions: 

AjS + AyS + Azs — 1, 

\L+'^YL+^ZL= h 

UTS + UTL + Uxz — 1, 

6YS + @YL = h 

&ZS +@ZL=l-

Math software MATHMATICA shows that the sign of 
X 9 

9 
Vx xz is uncertain while 

the value of 
X 9* 

v Ux J 
is negative. The procedure for doing this is to have each 

variable changed from 0 to 1 by setting the step length equal to 0.001. In addition to cr. 

there are 13 variables, 5 of which can be determined by the above 5 conditions whereas 



131 

the other 8 variables are undetermined. Therefore, the time of total calculations is 1000A8. 

If 
A e* \ 

- i 
V ' " J 

Mx 
< 0 holds for ax = a2 = crY = 1, it must also hold for ax = a2 = <JY > 1 

given that the denominator jux is getting larger with a higher value of cr.. Similarly, an 

increase in <ii would also increase the probability for the term 

negative. 

Substituting (B.3) and (-5.4) into (32), we obtain 

A o\ 
—0. 

Vx xz 
being 

d2Y 

dX2 X 

A e\ 

A 

Mx 

e 

A ff aP7 
— aP7 -s 

A ff aP7 
•aP7 

Mx 
(B.6) 

X nx 

where 6\ = (0TS0YL - 0TL0YS ) > 0, \0*\ = [PzS^YL ~ QzL^YS ) > 0 ' \A = KSKL ~ KL^YS > 0 • T h e 

second line is obtained by using the fact that s is approaching one, so that the last two 

parenthesized expressions in the square brackets offset each other. Therefore, it is clear 

d2Y 
that — j < 0 , which implies the concavity of the PPF when s goes to 1. 

Cl/L 

5. Elasticity of substitution cri approaches zero: 

If the elasticity of substitution cr. approaches zero, it is easy to see that jux will go to 

zero. Recall that (30) and (31) are given by 
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\x\\e\ 
-9xzs X, 

U er\ 
Vx 

x, 

(5.7) 

(5.8) 

Substituting (5.7) and (5.8) into (32), we obtain 

d2Y 

dX2 X 

u e 

Px 
•(l-s) 

aPz U ff 

Mx 
-aPzs (5.9) 

d Y 
Clearly, (5.9) indicates that — j will approach negative infinity as the denominator jux 

CLX. 

goes to zero, which confirms the concavity of the PPF. 

6. Elasticity of substitution a. approaches infinity: 

In this case of perfect-substitution technology jux will go to infinity. Therefore, we 

can rewrite (30) and (31) as 

px ~ -9xz£X> 

Pz=-sX. 

(5.10) 

(5.11) 

By substitution of (5.10) and (5.1l) into (32), we obtain 

d2Y 1 

dXz X 
—{ \ -s)saP z . (5.12) 

which implies the convexity of the PPF given that 0 < s < 1. 


