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Abstract

This paper investigates the effects of multinationa firm activity on wage inequality in both the
host and source economy. We develop a North-South product cycle model of endogenous growth
without scale effects, where the rates of innovation, outsourcing, and skill acquisition are
endogenoudly determined. We consider two sets of exogenous events that increase the extent of
Foreign Direct Investment (FDI). The first refer to technological improvements in outsourcing,
which increase the feasibility of shifting production to the South or reduce the resource
requirement to explore the Southern market. The second refer to policy changes through taxes
and subsidies, which ater the investment decisions of multinationals. When increased FDI is
driven by technologica change, the impact on the wage differentia between skilled and unskilled
labor in the North and the South is ambiguous. Whereas if FDI is driven by policy changes such
as production subsidies by the South or production taxes by the North, the wage gap in both
economies widens. The rise in wage inequality, in turn, induces a higher fraction of the
population to upgrade their sKills.
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1. Introduction

Over the past two decades, the relative position of less-skilled workers has deteriorated in
both developed and developing countries. In the US, between the late 1970s and early 1990s, the
college’high school wage premium has increased from 45% to 80% (Topel, 1997). In OECD
Europe, there was a mild increase in the wage gap but a substantial surge in the unemployment
rate. In the developing countries the evidence on wage inequality is mixed. In Mexico, between
1985 and 1989, the relative wage gap between skilled and unskilled labor increased by 15%
(Feenstra and Hanson, 1997); in Chile, between 1980 and 1990, the college wage premium
increased by 56.4 % (Robbins, 1996). However, in Singapore between 1966 and 1980 and in
Mexico between 1978 and 1985, the skill premia have actually decreased (Wood, 1994; Feenstra
and Hanson, 1997).

The literature on wage inequality predominantly focuses on advanced countries, offering
two explanations for rising wage inequality: technological change (Lawrence and Saughter,
1993, and Berman et a., 1994) and increased trade (Leamer, 1993, 1994; Borjas and Ramey,
1995). The debate so far has been centered around the empirical and theoretical relevance of these
two arguments, paying relatively little attention to the possible role that foreign direct investment
(FDI) and Multinational Firm (MNF) activity can play in explaining the labor market
developments. Moreover, only afew attempts have been made to investigate the issue in a unified
framework that incorporates both advanced countries (the North) and developing countries (the
South). Thisis surprising when one considers the fact that developments in the labor markets
across the globe have been synchronous with a drastic increase in capital flows from the North to
the South.*

Recently, a number of empirical studies have analyzed the relationship between MNF
activity and wage inequality. Blonigen and Slaughter (1999) and Slaughter (2000), examining the
wage effects of FDI flows in and out of the US, find little evidence for the contribution of FDI to
relative labor demand shifts. In contrast to these findings, Feenstra and Hanson (1999) attribute
15% of the risein US wage inequality to international outsourcing by US MNFs. On the other

hand, Aitken, Harrison, and Lipsey (1996) provide evidence from Mexico and Venezuela,



showing that increased foreign ownership in the host country raises the wages of skilled workers
more than those of unskilled workers.

Similar to empirical findings, theoretical studies aso provide ambiguous results. Feenstra
and Hanson (1997) construct a factor endowment model where one final good is produced by a
continuum of intermediate inputs ranked by skill intensity. In this model, increased international
outsourcing shifts the production of intermediate goods from the North to the South. From the
North’s standpoint, these are most unskilled-intensive activities; from the South’s standpoint,
these are most skilled-intensive activities. The resulting surge in the relative demand for skilled
[abor in both countries widens the wage gap in both regions. Extending the Feenstra and Hanson
model, Xu (2000) considers an economy with two sectors, each producing afina good. In sharp
contrast to Feenstra and Hanson (1997), Xu (2000) finds that international outsourcing does not
necessarily generate skill-biased labor demand shifts in either the host or the source economy. He
argues that sectora differencesin FDI barriers can be the key in determining the bias of the labor
demand shift. In another factor endowment framework, Markusen and Venables (1996, 1998)
study the impact of MNFs on redl wages in both the host and the source economies. They find
that the real wage implications of MNFs depend on the initial conditions and factor endowments
of both economies.

Although the theoretical studies have exclusively focused on factor endowment models,
the literature on FDI indicates that most MNF activity is caused by differences in technology
between the host and the source countries. The eclectic paradigm developed by Dunning (1993)
specificaly outlines the ownership-location-internalization (OLI) framework, which extends the
modeling of MNF activity to include technological differences between the host and source
economies as well as factor endowment differences. In this framework MNFs emerge due to
ownership advantages of the technologically advanced North, the location advantages of the
South in the form of lower costs, and internalization advantages of MNFs in keeping the superior
technology within themselves.

In this paper, we investigate the issue of FDI and wage inequdlity, using a dynamic
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outsourcing. Our approach contributes to the theoretical modeling in three respects. First, our
dynamic model adds a new dimension to the literature on FDI and wage inequality, which so far
has focused on dtatic factor-endowment models. Second, we model international outsourcing as
an activity that stems from technological differences between the North and the South, which is
more consistent with the OLI framework. Third, our model attempts to shed light on the different
labor market experiences of developing countries in a unified North-South framework.

We construct avariation of the standard product cycle modd that incorporates
international outsourcing and endogenous skill acquisition.” In this model, the world economy is
comprised of only two countries: the North and the South. In each country, there exists a
continuum of households differentiated in terms of their ability. Household optimization consists
of two problems: optimal allocation of expenditure across goods and over time, and optimal skill
acquisition decisions given the ability levels.

The product market consists of a continuum of structurally identical industries. In each
industry, Northern firms participate in stochastic and sequential R& D races aimed at discovering
the next generation product. Conducting R&D requires Northern skilled labor. Innovative activity
takes place exclusively in the North. Northern firms successful in their R& D efforts immediately
start manufacturing the final good by hiring Northern unskilled workers. A leader firm maintains
temporary monopoly power in the globa market until further innovation takes place in its
industry.

While manufacturing in the North, the Northern quality leaders continuoudly explore the
Southern market in order to exploit low-cost manufacturing opportunities. This market
exploration may involve searching for suitable production sites or licensees in the South or
exploring the feasibility of technology transfer, which necessitates “ services’ provided by skilled
workers such as consultants, financial experts, accountants, and engineers. Thus, conducting
market exploration requires Southern skilled labor. We assume that manufacturing consists of two
parts: standardized production and advanced production. Northern firms successful in their
market exploration attempts can shift only the standardized portion of production to the South;

advanced production must remain in the North. Outsourcing standardized production to the South



generates demand for Southern unskilled labor, while advanced production in the North requires
Northern unskilled labor. The extent of MNF activity equals the fraction of outsourcing industries
times the share of standardized production in the overall production.

In the model, we consider two sets of exogenous events that increase the extent of FDI:
improvements in outsourcing technology and policy changes through taxes and subsidies. With
regards to technologica change, we consider the following shocks: an increase in the feasibility
of shifting production to the South and a decline in the resource requirement to explore the
Southern market. We find that if increased FDI is driven by either of the above shocks, the impact
on the wage differential between skilled and unskilled labor is ambiguous in both the North and
the South. The effects on the rate of innovations and intensity of market exploration also depend
on the parameters of the model.

To see the intuition consider an increase in FDI generated by an increase in the feasibility
of outsourcing production to the South. Such a change exerts three first-order effects on the
steady-state equilibrium. The first two operate through labor market conditions: A higher level of
outsourcing raises the demand for Southern unskilled labor and reduces the demand for Northern
unskilled labor. As aresult, there is downward pressure on the skill premium in the South and
upward pressure on that in the North. These two effects are identical to the results from standard
trade theory: as unskilled-labor-intensive manufacturing jobs move from the North to the South,
the relative position of unskilled in the North deteriorates whereas that in the South improves.
But, in addition, the present model identifies a third direct effect by assigning arole to the
Southern skilled workers in the outsourcing process. More possibilities to outsource production to
the South implies that firms can further exploit the low-cost manufacturing opportunities. Asa
result, profitability of exploring the Southern market increases. This, in turn, boosts the demand
for Southern skilled labor, putting upward pressure on the skill premium in the South. Combining
these first-order effects with the second-order general equilibrium effects, we find that the
changes in the relative wages depend on the parameters of the model. To gain some further

insight on the analytica results, we aso run some smulations using an extensive set of parameter



values (see Section 3.1 for details). The smulation analysis shows that technology shocks reduce
the skill premium in the South, but generate ambiguous results on the skill premium in the North.

With regards to policy changes, we consider four different parameters that can be
influenced by governments: production subsidies by the South, production taxes by the North,
innovation subsidies by the North, and outsourcing subsidies by the South. We find that if
increased FDI is driven by changesin any of these policy parameters, the wage gap in both
economies clearly widens. The higher wage inequality, in turn, induces alarger fraction of the
population to upgrade their skills. The rise in the supply of skilled labor in both regions raises the
arrival rate of innovations as well as the intensity of market exploration in the South.

These findings contribute to the debate on wages and FDI by emphasizing the
differentiating roles that policy changes and technologica shocks may play in explaining the
observed wage patterns. Our model implies that policy-initiated FDI contributes positively to the
wage gap between skilled and unskilled labor, whereas technol ogy-driven FDI does not seem to
generate strong results in this context. The intuitive basis for this argument is as follows. Policy
changes that promote FDI alter the profitability of innovation and outsourcing and thereby affect
the incentives to engage in such activities. On the other hand, technologica changes—in addition
to dtering the profitability of innovation and outsourcing—alter the unit labor requirements and
thereby affect the labor market equilibrium conditions. The results indicate that this labor market
effect, in turn, may work to mitigate (or overturn) the increase in wage inequality.

The rest of the paper is organized as follows. Section 2 describes the features of the
theoretical modd and establishes the steady-state equilibrium. Section 3 provides an anaysis of
the comparative steady-date results. Section 4 concludes the paper.

2. The Modd

The modd is avariant of the standard North South product-cycle model. The household
optimization closaly follows the standard quality-ladders growth model (see, Grossman and
Helpman, 1991). Endogenous skill formation is introduced along the lines of Dinopoulos and
Segerstrom (1999) and Sener (2001). The scale effects are removed from the endogenous growth



model in the spirit of Dinopoulos and Thompson (2000). The mechanics of outsourcing is
incorporated along the lines of Glass and Saggi (2001).
2.1. Household Behavior and Skill Formation

The world economy consists of two countries, the North and the South denoted asi T {N,
S}. Each economy consists of a continuum of households indexed by ability g1 [0, 1]. The
ability parameter q is uniformly distributed across families. Members within a household have the
same ability level. The size of each household grows at arate of n= b — d, where b and d refer to
birth and death rates, respectively. The size of population at timet isN;(t) = Nye™ fori= N, S,
where Ny; denotesthe initial level of population . Each individual lives for an exogenously given
time period D > 0.2

Each household takes goods prices, factor prices, and the interest rate as given and

maximizes its utility over an infinite horizon

¥

Ui=@Q No e "~ "ogug(t) dt, fori=N, S (1)

wherer isthe subjective discount rate, and log u,(t) is the instantaneous utility of each household

member defined as:

g

log ug(t)° G log[S 17 x, (iw.Hldw, fori=N,S, )

wherexg (j,wit) isthe quantity demanded of product with quality j inindustry w at timet. The
sze of quality improvements (the innovation size) isdenoted by | > 1. Therefore, the total
quality of agood after j innovations will bel !,

Each household allocates per capita consumption expenditure cq;(t) to maximize ug;(t)
given prices at timet. Note that al products within an industry are perfect substitutes; thus,
households buy only the products with the lowest quality-adjusted prices. Products enter the
utility function symmetrically; therefore, households spread their expenditure evenly across
goods. The resulting per capita product demand in each industry is Xqi(t) = C4(t)/pm, Where py, is
the relevant market price for the product that has the lowest quality-adjusted price.

Given the static demand behavior, the household' s problem is ssimplified to maximizing
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subject to the budget constraint [%i (1) = Wy (1) + r(H)Agi(t) — c4(t)Na(t), where A4(t) denotes the

financia assets owned by the household, W (t) isthe family’s expected wage income and r(t) is

the instantaneous rate of return.* The solution to this optimization gives

Ciqi(t)zr(t)_r , fori=N, S
G (D)

At the steady-state equilibrium, ¢, remains fixed; thus, the market interest rater(t) is equa to the
subjective discount rate r . From this point on we will focus on the balanced-growth path behavior
of the economy; hence, we drop the time index for the variables that remain constant.

Each family member must aso decide on entering the labor force as skilled or unskilled.
The leve of ability is common knowledge to both the workers and the firms. Let wy; represent
unskilled wages and wy; denote skilled wages for i = N, S. An unskilled worker is an untrained
individual who earns w;; regardless of her ability. To become a skilled worker, the individual
must undergo training for atime period of T < D. During training, the individual does not earn
any wage income. Once the training is over, she starts earning a wage income of g;Wy;, which is
positively related to her ability. Anindividual with ability q decides to acquire skills if and only if

the discounted lifetime wage earnings as a skilled worker is more than those earned as an
unskilled worker:®

t+D

Q e_r(s_t)WLidS< C‘?tj'rD e_r(s_t)qu-li ds, fori=N,S (3)

Rewriting equation (3) as an equality gives the critical level of ability qoi, which reflects the skill
distribution of the population. All households with ability levels below qo remain unskilled, while
al households with ability levels above g, undergo training and become skilled. The implied
critical level of ability is

L fori=N, S 4



wheres can be viewed as a measure of the relative discount factor of unskilled labor earnings
with respect to skilled labor earnings. With s > 1 and gy < 1 (which must hold in equilibrium),
the wage of a skilled worker per efficiency unit is higher than the wage of a skilled worker (wiy; >
Wii).

The uniform distribution of the ability level across familiesimplies that the supply of
unskilled labor in each country is given by

Li(t) = qaiN(t), fori=N, S 5)
where gy now represents the share of unskilled labor in the population. The remaining share of
the population (1 — ;) decides to become skilled. At each point in time a certain portion of this
subpopulation is under training and a certain portion is endowed with the skills necessary to
perform skilled labor jobs. The group with acquired skills consists of workers who were born
between time (T— D) and (t— T), which is given by

e

0, b(1 - o )N(S)ds = (1— i) N(D), fori=N,§
whereh = [d® " —1]/[e™-1] < 1 captures the fraction of skilled workers who have completed
their training. The average skill level of those workersis (1 + qo)/2. Multiplying the average kill
level by (1 —qe)hN(t) yields the supply of skilled Iabor in terms of efficiency units

hip = 1% )) (gm P, fori=N,S ©

Equations (4), (5), and (6) establish the supply side of the labor market for each region.® The

steady-state growth rates of factor endowments are equa to n given the constant level of qq;:

Hi(t) _ L) _N(1) _ fori=N,S
A LM N |
2.2. Producers

We first provide an overview of the mechanics of innovation and outsourcing with the
help of Figure 1. The global economy consists of a continuum of structurally identical industries
indexed by w1 [0, 1]. In each industry, Northern firms participate in stochastic and sequential

R&D races amed at discovering the next generation product. Conducting R& D requires Northern



skilled labor. Observe that engaging in R&D is costly and involves uncertainty. Innovative
activity takes place exclusively in the North. Northern firms successful in their R&D efforts
immediately start manufacturing the final good by hiring Northern unskilled workers. The leader
firm maintains temporary monopoly power in the global market until further innovation takes
place in its industry.

While manufacturing in the North, the Northern quality leaders continuoudly explore the
Southern market in or der to exploit low-cost manufacturing opportunities. This market
exploration may involve searching for suitable production sites or licensees in the South and/or
exploring the feasibility of technology transfer for final goods production, which necessitates
“sarvices’ provided by skilled workers such as consultants, financial experts, accountants, and
engineers. Performing such services require Southern skilled labor. * 8 Like R&D, exploring the
Southern market is costly and involves uncertainty.

We assume that manufacturing of a final good consists of two parts. standardized
production and advanced production. We denote the share of standardized production in total
production as a and the share of advanced production as (1— a). Following Glass and Saggi
(2001), we assume that Northern firms successful in their market exploration attempts can shift
only the standardized portion of production to the South; advanced production must remain in the
North. Standardized production utilizes Southern unskilled Iabor, while advanced production
utilizes Northern unskilled labor. This production scheme can aso be visualized as a fragmented
production scheme, where advanced intermediate goods are produced in the North and final
goods are assembled in the South.

2.1. R&D Races and Outsourcing

In this model, the world economy consists of a continuum of structurally identical
industries; thus we will omit the index w for the industry variables and use the time index t only
for those variables that change over time. As noted above, Northern firms must engage in
innovative activity to participate in R&D races. Thereis free entry into R&D races. The arrival of

innovations follows a Poisson process whose intensity equalsi. A Northern firm j which

undertakes R& D intensity i; for atime period dt innovates the next generation product with



10

probability i;dt. We assume that returnsto R&D activity are distributed independently across
firms and industries; thus, industry level R&D intensity isi = Sji;.

Let uy represent the value of a successful innovator (i.e., the expected discounted profits
of a successful innovator). A typical firm j enjoys uy with probability i;dt and incurs a cost equal
to wiynai Xiij(t)dt, where a;X(t) represents the labor requirement per R&D intensity. Free entry into
R&D races drives expected profits down to zero and results in the following zero profit condition:

Un(D) = Whnai Xi(1). (7)
Theterm X(t) is ameasure for the difficulty of conducting R& D, which is introduced to remove
the scale effects from the model. We specify Xi(t) as

Xi(t) = kiNn(t), ©)
wherek; is a positive congtant.® This specification reflects the difficulty of introducing new
products and replacing old onesin larger markets.

Similar to the process of innovation, the arrival of successful outsourcing follows a
Poisson process, whose intensity equals f . Observe that only successful Northern innovators can
consider options of outsourcing. A Northern quality leader exploring the Southern market with
intensity f for atime period dt successfully shifts production abroad with probability f dt.

Let uo(t) represent the value of a Northern firm successfully outsourcing (i.e., the
expected discounted profits of such afirm). A Northern quaity leader exploring the Southern
market realizes a change in its value from uy(t) to uo(t) with probability f dt and incurs a cost
equal to wysas X (Hf dt, where & X; (t) represents the labor requirement per outsourcing intensity.
A finite intengity of f requires the following zero profit condition:

Uo(t) — Un(t) = Whsds X (). ©)
Theterm X (t) is ameasure for the difficulty of exploring the Southern market, which is, in the
same spirit as above, introduced to remove the scale effects from the model. We specify X (t) as

X (t) = ke Ns(b), (10)
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wherek; isapositive constant. This specification reflects the difficulty of searching for a suitable
partner, licensee, or production site in larger markets.

The next step is to derive the value functions for ug(t) and u(t) at the steady-state
equilibrium. The household savings are channeled to firms engaged in R& D races through a
globa stock market. To find uy(t) we start by calculating the expected return generated by a
quality leader. With probability idt, the leader firm loses its monopoly position and observes a
reduction in its vaue from uy(t) to 0. With probability (1 —idt), the firm continues serving the
market and redlizes again/lossin its value given by u (t). At each point in time, the quality
leader considers the options of outsourcing by exploring the Southern market. With probability
f dt, the firm becomes successful in its outsourcing attempts, redlizing a change in its value from
un(t) to uo(t). The cost of conducting market exploration in the South is wysas X (t)f dt. Findly,
the Northern leader firm producing in the North earns a profit flow of py(t)dt. Stock market
efficiency condition requires that the expected rate of return generated by a successful innovator

must be equal to the risk-free interest rater = r:

O U Gy gy D) g s Xe (1)

Uy (t) uy(t) uy(t)
(U (t)-uy(t)) . pPn(t) o
+f o (D) dt+uN(t)dt—rdt.

Taking limitsasdt® 0, and noting that u,, /uy = n at the steady-state equilibrium we derive:

Py (1) +F (ug(t) - wysa X, ()
r+i+f-n '

Uy (t)= (11)

We apply asmilar analysis to calculate the return generated by a Northern firm that has
successfully outsourced. With probability idt, the outsourcing firm is replaced by an innovator
and subject to afal inits vaue from uo(t) to 0. With probability (1 —idt), no further innovation
takes place, and the firm redlizes again/loss in its value given by u (t). Finaly, the Northern
firm outsourcing to the South earns a profit flow of po(t)dt. The stock market efficiency condition

requires that
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Uo(t) uo(t) Uo(t)

Taking limitsasdt® 0, and noting that u, /uc = nat the steady-state equilibrium, we obtain:

uo(t)=%. (12)

2.2.2 Product Markets

In the globa market, successful Northern innovators engage in price competition with
followersthat are one step down in the quality ladder. Once a new innovation occurs, the old
technology becomes accessible to both the Northern and the Southern firms. Production of one
unit of final good requires one unit of unskilled labor in either North or South. We focus on a
steady-state equilibrium, where wiy > wis; thus, production in the South is cheaper relative to the
North. Thisimplies that the Northern followers cannot effectively compete in the global market.
Hence, in each industry, competition takes place between the Northern innovators and the
Southern followers. The Northern leader can charge apricethat is| times as high as the Southern
followers margina cost. Southern followers charge a price equal to margina cost and cannot do
better than break even. By engaging in limit pricing, the Northern leader can drive the followers
out of the market.

We normaize the Southern unskilled wage wi s to one; thus, the leader can charge a
product price of | . The demand for each product line can be denoted as E(t)/I , where E(t)
represents worldwide spending. From here on we define d = 1/1 . Thus, we can express the
instantaneous profits of a Northern firm that produces only in the North as:

pn(t) = E()(1— dwin). (13)

Similarly, we can derive py(t), the instantaneous profits of an outsourcing firm. Note that
outsourcing firms shift standardized portion of production to the South a and continue advanced
portion in the North (1 — a). Thus, the margina cost of production under successful outsourcing
isaws + (1—a)wy. Sincein equilibrium wyy > wis, shifting standardized production reduces

overal manufacturing costs and increases profit margins, giving the firm an incentive to incur the
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cost of technology transfer. With w; s normalized to one and product price equa to | , po can be
written as:
Po(t) = E(t)(1—ad(l— win) —wind). (14)
Substituting for vo(t) from (9) and for vy(t) from (7) into (11) using (13), we simplify the
zero-profit in R& D condition as

E(t)(1- w,d)
(r+i-n) °

Wina ki Ny (1) = (15)

Substituting for vp(t) from (9), for vy(t) from (7), and for wyy from (15) into (12), using

(14) we adso smplify the zero profit in market exploration as

E(t)ad (wy - 1)
(r+i-n) (16)

Wysa K Ns(t) =

2.3 Labor Markets

The fraction of industries successfully engaged in outsourcing activity is denoted as .
The fraction of industries that manufacture only in the North is denoted as ny. Since the measure
of industries equals one, it follows that:

No+ ny= 1. @7
In the steady-state equilibrium, the flow of industries into the outsourcing industries pool is given
by the intensity of market exploration for outsourcing f , times the fraction of industries engaged
in such activities, ny. The flow of industries out of this pool is given by the intensity of
innovation, i, times the fraction of industries targeted by R&D firms, no. For the share of
industries to remain constant in equilibrium, we require

fny=ino. (18)

The labor market equilibrium in each country is achieved when the demand for each type
of labor is equal to its supply. The skilled labor in the North is solely employed in innovative
activity. The demand for skilled labor equals a;X(t)i, the difficulty-adjusted unit labor
requirement of R&D activity multiplied by the aggregate R& D intensity. Note that in the
continuum, al industries are targeted by R&D firms; thus, i represents the arrival rate of

innovations in the world economy. Using the supply of skilled labor in the North implied by
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equation (6) along with equations (4) and (8), equilibrium in the Northern skilled labor market is
determined by:

2

8 (N, (t) . (19)
ﬂ

é
% BW,
él-

N
cm»

kiNy(t)a =

In each industry Ed represents the amount of unskilled labor required to satisfy demand.
The unskilled labor in the North is employed in two types of industries. In afraction ny of the
industries, where all manufacturing occurs in the North, the demand for Northern unskilled labor
is Edny. Inafraction ng of the industries, where standardized production has shifted to the South,
the demand for Northern unskilled labor is Ed (1 — a)no. Using the supply of unskilled labor in
the North, derived in equation (4), the equilibrium in the Northern unskilled labor market is given
by:

dE(t)[ ny +(1-2)n, ] =S&LN N, (t). (20)

N
Next, we turn to the Southern labor markets. Firms that explore the Southern market prior

to shifting production require services provided by Southern skilled labor. The fraction of

industries engaged in such activitiesis ny. Thus, the demand for Southern skilled labor is

as X T ny, the difficulty-adjusted unit labor requirement of market exploration activity multiplied

by the aggregate intensity of such activity. As above, using the supply of skilled labor in the

South implied by equation (6) aong with equations (4) and (10), the Southern skilled |abor

market equilibrium is stated as

h€ s 920
ke No(t)afny = Eél gw 5; s(1). (21)

In afraction ng of the industries, firms that outsource the standardized portion of
production a to the South generate demand for Southern unskilled labor angdE. Using the
supply of unskilled labor in the South, derived in equation (4), the equilibrium in the Southern
unskilled labor market is given by:

dE(t)an, =—>

SH

Ng(t). (22
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2.4 Steady-State Equilibrium
The labor market equilibrium conditions (equations (19), (20), (21), (22)), together with

the zero profit condition for innovation and market exploration (equations (15), (16)), the industry
continuum measure and the flow condition (equations (17), (18)) congtitute a system of eight
equations with eight unknowns (E, no, Ny, 1, T, Win,Win, Whs)-

To smplify notation, we denote the extent of outsourcing as the fraction of all production
outsourced to the South as ¢ = ano, the difficulty of outsourcing relative to innovation askr =
k¢ k;, the resource requirement in outsourcing relative to innovation as ag = &/a; and therelative
population as Nk = Ng/Ny. Using these and manipulating the equations, the steady-state
equilibrium can be characterized by a system of two equations with two unknowns ¢ and wy
(see Appendix A for details):

c _ (1-dwy)

= (SD
(1- ¢ )kgagng' adwiy(Wy - 1)

21- ak.n2{L-€) C)23

R™R"'R
- A ca (1é )
(WLN 1) - _ - ue r - n)kRaRKai £+Elil_ E (SZ)
S §1-a . Cu a 2 2
R RaH

Proposition 1: Under the assumptions bel ow there exists a unique steady-state equilibriumin
which the wage rates for skilled and unskilled labor in both North and South Wiy, Whs, Wiy and 1,
respectively, the arrival rate of innovationsi, the aggregate intensity of market exploration f ny
attain strictly positive values, the proportion of industries outsourcing n, lies between zero and 1,
and the North is skilled-abundant relative to South (i.e.,Gos> Gon)-

Proof. See Appendix A

Assumptions:

1 kear< 1

2 2 N
2.0<nR (1-a)e 1 _qYc ad <ie U
aU &+U H k,a, z8&+z f
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& agksn’(1-a)’ 0

sGl- :
é a’ E‘g—er Cnkoa +
(1' aRkR) e

ho hs and 7 =S(r - N)K; & Ng

whereU = =2
2g 2 (1+ng )a

Assumption 1 states a sufficient condition for gos> Qon . Assumption 2 assuresthat in
Figure2 (win)' > (Win)®and (win)® > (win)? (see Appendix A for details). The unique steady-state
equilibrium of the model isillustrated in Figure 2 by the intersection of (S1) and (S2) curves.
These two curves determine the equilibrium levels of wiy and c. The equilibrium levels for the
remaining endogenous variables are then calculated by substituting wy and ¢ into the relevant
equations.

3. Compar ative Steady-State Analysis

Having established the steady-state equilibrium, we now turn to investigating the effects
of exogenous changes in our two-country world economy. We classify the sources of changes
into two categories. technology-driven and policy-driven.

3.1. Technology-driven changesin outsourcing

Technological improvements in the past two decades have positively affected the cost
structure of multinationals. More specificaly, the availability of new technologies in transmitting
information coupled with lower transportation and communication costs have provided additional
incentives for MNFs to spread production across the globe and chase low-cost manufacturing
opportunities.”® The implications of these changes can materialize via two specific channels. Firt,
positive technology shocks can raise the feasibility of shifting standardized production or
outsourcing unskilled intensive intermediate goods to the low-cost South. Second, such shocks
can facilitate the exploration of international outsourcing opportunities.

In the context of the present paper, the former channel can be captured by an increasein
a (i.e., the portion of the manufacturing process that is outsourced), whereas the latter can be
captured by adeclinein ax (i.e., the resource requirement of market exploration activity relative
to innovation). Observe that the two parameters enter the steady-dtate equations symmetrically;

thus, the impact of an increasein a is exactly the same asthat of adecreasein ag.
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Proposition 2: An increase in the share of production shifted to the South a or a decreasein the

resource requirement of market exploration activity ag:

a. increasesthe extent of outsourcing c,

b. generates an ambiguous effect on the relative wage of skilled labor in both North and South
Whn/Wn and Wy, respectively,

c. exertsan ambiguousimpact on the aggregate intensity of outsourcing f ny,

d. exertsan ambiguousimpact the arrival rate of innovationsi.

Proof. See Appendix B for proofs of all propositions on comparative steady-state analysis.

To uncover the intuition, we will focus on the case of an increasein a. Holding others
constant, an increasein a exerts three first-order effects on the steady-state equilibrium. The first
two are through equations (20) and (22). An increase in production shifted to South raises the
demand for Southern unskilled labor and reduces the demand for Northern unskilled labor. As a
result, there is downward pressure on the skill premium in the South and upward pressure on that
in the North. These two effects are identical to the results from standard trade theory: as
unskilled-labor-intensive manufacturing jobs move from the North to the South, the relative
position of unskilled in the North deteriorates whereas that in the South improves.

In addition, the model identifies athird direct effect by assigning arole to the Southern
skilled workers in the outsourcing process. This effect enters through the free-entry condition in
market exploration activity (see equation (16)). A higher a implies that firms can further exploit
the low-cost manufacturing opportunities in the South. As aresult, profitability of exploring the
Southern market increases. This, in turn, boosts the demand for Southern skilled labor, putting
upward pressure on the skill premium in the South.

Summing up the first-order effects, we observe that an increasein a exertstwo conflicting
effects on the skill premium in the South and a positive effect on the skill premium in the North.
To find the changes in the equilibrium levels, we take into account the second-order effects
generated by the changes in the other endogenous variables of the system.

The results from the comparative steady-state analysis are as follows:. In the new

equilibrium, the extent of outsourcing ¢ increases despite the mitigating effect of a decreasein the
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fraction of industries engaged in outsourcing n,. In the Appendix, we show that the relative wage
in the South increases if and only if the elasticity of outsourcing with respect to the share of

standardized production dc a is sufficiently large. Thus, the qualitative change in wys depends on

dac

the parameters of the model. However, computer smulations using an extensive set of values for
each parameter has led us to the conclusion that dwis/da is more likely to be negative.™* If that is
indeed the case, then the incentives to become skilled decreases, motivating a smaller fraction of
the Southern population to enter the labor force as skilled labor.

To anayze the change in the equilibrium level of Northern skill premium, we use

equations (20) and (22):
Win —_ C Wys ] (23)
Wy (1-c¢) ng

The above equation impliesthat if dwys/da < 0, then anincreasein a has two opposing
effects on the equilibrium value of win/wiy. The first is through the outsourcing channel,
whereby alarger extent of outsourcing ¢ reduces the demand for unskilled in the North relative to
South and contributes positively to the Northern skill premium. The second is through the skill
formation channel, whereby an decrease in the share of skilled labor in the South relative to the
North (generated by the lower wys) mitigates the rise in the Northern skill premium.

Using computer simulations, we find that for an extensive set of parameter values dwy/da
is positive, while there are ranges of parameters, where it becomes negative™ If the skill
premium in the North increases, then the incentives to become skilled increases, inducing alarger
fraction of the population to undertake training and become skilled.

To investigate the changes in the arrival rate of innovations i and the aggregate intensity of
market exploration activity f ny, we focus on the skilled labor market equilibrium conditions (19)
and (21). Observe that i increases with the Northern skill premium, and f ny increases with the
Southern skill premium.

The above comparative steady-state analysis does not attrib ute a strong role to technology-
driven shocks in explaining rising wage inequality. Even though such shocks clearly raise the

extent of outsourcing, the effects on relative wages remain ambiguous. These anaytica findings,
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aong with the simulation results, have led us to conclude the following: increased outsourcing
driven by improvements in outsourcing technology is less likely to widen the wage gap in both
North and South. This conclusion provides the basis for the second comparative steady-state
analysis. Can there be arole for outsourcing if it is driven by policy changes?
3.2. Policy-driven changes in outsourcing

We next consider the economic impacts of changes in the policy parameters controlled by
governments and investigate their possible role in explaining wage inequality.
Taxes and subsidies on production

Following several economic crisisin the recent two decades, emphasis among policy
makers has shifted to attracting relatively stable capital flows, which includes FDI.** Additional
benefits accrue due to improved use of resources made possible by foreign investment,
introduction of new processes to the domestic market, and technological spillovers made possible
by learning-by-observing or training of the labor force.** Due to these numerous benefits that
MNF activity seems to convey, developing countries have implemented production subsidies that
benefit domestic firms catering to multinational firms.*® In the present model, with 1> z > 0
denoting the subsidy rate, such subsidies reduce the unit cost of production in the South from 1 to
(1-2). On the other hand, due to concerns over environmental issues and maintenance of higher
labor standards, developed countries have implemented policies that have led to increased
production taxes. With t > 0 denoting the tax rate, such taxes raise the unit cost of production in
the North from wy to wiy(1 + t).

The Southern production subsidy and the Northern production tax enter the model through

the profit flow equations p, and py, respectively:

e (1+t) ,u

p =Ead'\ - ’
o TEg ) Y
é (1+t)u
=Egal- dw y ——¢-
PN ée_l LN(l_Z)H

Observe that t and z enter the model symmetrically; thus, the effects of a higher Northern

production tax are identical to those of a higher Southern production subsidy.
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Proposition 3: A higher production subsidy in the South z or a higher production tax in the

Northt

a. increasesthe extent of outsourcing c,

b. increasesthe relative wage of skilled labor in both North and South wiy /Wiy and wis,
respectively,

C. increasesthe aggregate intensity of outsourcing f ny,

d. increasesthe arrival rate of innovations .

To uncover the intuition, we will focus on the case of an increasein z. Holding all else
constant, a higher z exerts two first-order effects on the steady-state equations. Thefirst is
through the zero profit in R&D condition (15). A higher Southern subsidy reduces the unit cost of
production in the South. As aresult, Northern firms competing with Southern followers must
reduce the mark-up price. Recall that innovators charge apricethat is| times more than the
follower’ s unit cost. The decline in the profit margin negatively affects R& D profitability. This
reduces the demand for Northern skilled labor and puts downward pressure on the skill premium
in the North. The second effect is through the zero-profit condition in market exploration activity
(16). A higher z increases the profitability of outsourcing. This raises the demand for Southern
skilled labor and puts upward pressure on the skill premium in the South.

Summing up the first-order effects, we observe that an increase in z exerts a negative
influence on the Northern skill premium and a positive influence on the Southern skill premium.

The results from the comparative steady-state analysis are as follows. In the new
equilibrium, the extent of outsourcing ¢ increases. Observe that with a constant, thisis due to an
increase in the fraction of industries successfully engaged in outsourcing n,. The skill premium in
the South wys aso increases, inducing alarger fraction of the Southern population to become
skilled. *® On the other hand, the Northern skill premium is subject to the effects generated
through the outsourcing and skill formation channels (Eg. (23)). Observe that with both ¢ and wys
increasing, the effects work to increase win/Wn. Thus, the share of skilled labor in the North
increases. With the skill premiarising in both regions, f ny and i aso attain higher levelsin the

new equilibrium.
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Subsidiesto R& D and market exploration activity

Next, we move on to analyzing the economic impact of subsidies that promote skilled
labor requiring activities, market exploration and innovation. Southern governments may
subsidize the market exploration efforts of Northern firmsin order to stimulate the flow of FDI
into the country. Northern governments may subsidize innovative activity in order to increase
their living standards through faster innovation.

Let s > Odenote the subsidy rate for innovation and s > 0 the subsidy rate for market

exploration activity. The subsidies enter the system through the zero-profit conditions (15) and

(16):
_ E(1- w,d)
(1- 5 )wuna kiNy -m7 (29
(1- 5 )Whsay k N :%- (25)

First, we consider the case of alarger subsidy for market exploration activity by the

Southern government.

Proposition 4. A larger subsidy for market exploration activity in the South s

a. hasan ambiguousimpact on the extent of outsourcing c,

b. increasesthe relative wage of skilled labor in both North and South (i.e., Win/Wiy and wys,
respectively) iff ¢ increases,

c. increasesthe aggregate intensity of outsourcing f ny iff ¢ increases,

d. increasesthe aggregate intensity of innovations i iff ¢ increases.

Theintuition is as follows. Holding others constant, an increase in & exerts afirst-order
effect on the system through equation (25). A larger s renders market exploration more profitable
and motivates more Northern firms to explore outsourcing opportunities abroad. This raises the
demand for Southern skilled workers, putting upward pressure on the skill premium in the South.

The results of the comparative steady-state analysis are as follows. The change in the

equilibrium level of ¢ depends on the parameters of the model. The skill premium in the South

moves in the direction of c. Thus, wys increasesif and only if the extent of outsourcing increases.
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Equation (23) implies that thisis aso the hecessary and sufficient condition for an increase in the
Northern skill premium.
Finaly, we investigate the case of alarger subsidy for R&D activity by Northern
governments.
Proposition 5: A higher subsidy for innovative activity in the North 5
a. increasesthe extent of outsourcing c,
b. increasesthe relative wage of skilled labor in both North and South, wiy/wiy and
Whs, respectively,
C. increasesthe aggregate intensity of outsourcing f ny,
d. increasesthearrival rate of innovations|.

Theintuition is as follows. Holding others constant, an increase in s exerts afirst-order
effect on the model through equation (24). A larger s renders R& D more profitable and induces
more firms to engage in R&D. This, in turn, raises the demand for skilled workers, putting
upward pressure on the Northern skill premium.

The comparative steady-state results imply that in the new equilibrium the extent of
outsourcing ¢ increases. Since Wys moves in the direction of ¢, the skill premium in the South
aso increases. Equation (23) implies that, with ¢ and wys both increasing, the Northern skill
premium increases as well.

4. Conclusion

Over the past two decades, unskilled workers in most developed and devel oping countries
have experienced a decline in their relative position in the society. The literature on this issue has
focused heavily on the role of international trade and skill-biased technological change, paying
relatively little attention to the possible effects of FDI on labor markets. In addition, a
disproportionately large number of studies have concentrated on the developmentsin advanced
countries, ignoring the ongoing changes in developing countries.

In this paper, we have attempted to bridge this gap by considering a unified North-South
framework, where FDI takes the form of outsourcing production to South. We have exclusively

focused on parameter changes that influence FDI, and investigated their effects on wage
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inequality, skill endowments, technological change, and outsourcing intensity. Our main finding
isthat identifying the factors that stimulate FDI can play a crucia role on in explaining the wage
patterns. More specificaly, technology-driven FDI and policy-initiated FDI may have different
effects on the wage gap between skilled and unskilled labor. We find that if increased FDI is
driven by improvements in the technology of internationa outsourcing, the effects on relative
wages in both host and source countries depend on the parameters of the model. To shed further
light on the analytical results, we have run some simulations using an extensive set of parameter
values. The smulation results show that technology shocks reduce the skill premium in the South,
but generate ambiguous results on the skill premium in the North. On the other hand, using only
analytics we are able to show that if increased FDI isinitiated by changesin policy parameters
such as taxes and subsidies, the relative wage of skilled labor clearly increase in both regions.

These findings suggest that the role of policy choices may outweigh the role of exogenous
technological changes in explaining the widening wage gap viaincreased MNF activity. The
analytical results present an empirically testable hypothesis and can stimulate further econometric
research on the issue of wages and FDI. The theoretical model in this paper can also be extended
in various directions. For instance, one can use the present framework to investigate FDI and
labor markets in a North-North setting, where investment flows takes place between two
advanced countries. Alternatively, one can enrich the existing structure by explicitly

incorporating the spillover effects generated by FDI and study its labor market implications.
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Endnotes

! Between 1980-98, the amount of net FDI received by developing countries has increased from 4.4 billion
dollarsto 170.9 billion dollars, ailmost a forty times increase (World Bank, 2000, p. 188).

2 See Feenstra (1998) for an excellent discussion of empirical and stylized evidence on the increasing
importance of international outsourcing.

3 Using the fact that the number of births at time t has to be equal to the number of deaths at timet + D, we
can express the birth and death ratesasb= (ne™/&® —1) andd=n/ (e"° - 1).

* |t is assumed that each unit of household isinfinitely large, and transfers among family members allow
each member to realize the same level of consumption regardless of ability. This assumption together with
the law of large numbers eliminate aggregate effective uncertainty in household income.

® Wages refer to wages per efficiency unit of labor throughout the paper.

® To simplify notation, we used the same skill acquisition parameters for both the North and the South.
However, it is straightforward to extend the model by allowing for differencesin D and T. Conceivably,
this can capture some of the differences between the North and the South in terms of quality of education,
durability of human capital and credit market imperfections. The main results of the paper are robust to
such extensions.

" Theindustrial organization approach to FDI suggest that MNFs have an advantage in foreign markets
because of intangible productiv e assets such as technological know-how, marketing and managing skills,
export contracts, coordinated relationships with suppliers and consumers, and reputation. (See Caves 1996,
and Dunning 1993). Despite the listed intangible assets, though, the MNFs still require alevel of
understanding of the host economy prior to investing in the economy. The recent surge in cross-border
mergers and acquisitions provides evidence that most multinationals are seeking investment that will
provide them strategic assets, including know-how of the host economy and production techniques
compatible with the host economy as well as semi -skilled labor (See World Investment Report, 2000).

8 Based on empirical studies, Fosfuri et al. (2001) argue that, in the early stages of establishing entities
abroad, MNFsrely heavily on skilled labor from the source country and subsequently replace them with
local workers. It isreasonable to assume that during this stage, the skilled workers from the source country
interact with the skilled workersin the host country. Note that in our model, to keep the analysistractable,
we have undermined the role of Northern skilled labor in exploring the Southern market.

% Equation (8) removes the scale-effects feature of the early endogenous growth models, which predicted
explosive growth in the presence of positive population growth. The R& D difficulty specification
originally proposed by Dinopoul os and Thompson (1996) has now been used in a number of studies
including Dinopoul os and Segerstrom (1999) and Sener (2001). Evaluating the empirical relevance of
equation (8) using cross-country data, Dinopoulos and Thompson (2000) argue that this R& D specification
provides “a useful template on which to begin building more sophisticated models of long-run growth.”

10 Using hilateral trade data from OECD countries, Baier and Bergstrand (2001) attribute one-third of the
increase in world trade to the combined effects of falling tariffs and transportation costs. However, they
report that the impact of the tariff reduction on world trade is three times larger than that of transport costs.
On the other hand, Feenstra (1998, p.41) emphasizes the role of improved communication in explaining the
increased level of outsourcing activity in the 1980s. In particular he argues that “improvementsin
communication technology and the speed with which product quality and design can be monitored, which
was in turn related to the use of computers’ have made it more feasible to outsource unskilled intensive
production to low-cost countries. It isreasonable to infer that the introduction of new technologies such as
the internet, e-mail and cellular phones have propped up this upward trend in outsourcing in the 1990s as
well.
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1 The benchmark case is where we setag = 0.5, a = 0.5 (following Glass and Saggi, 2001), s = 1.19, r =
0.03,n = 0.025, h=10.88,1 = 1.35 (following Dinopoulos and Segerstrom, 1999), kg = 0.25, and nr = 0.45.

12 The Northern rel ative wage patterns alter as we change ng, the ratio of Southern population to Northern
population. For small values of ng(i.e., ng < 0.45), we find that wy\/win declines, and for large val ues of
ng (i.e., n g> 0.45) we find that wyn/win increases for all ranges of a.

13 Fernandez-Arias et al. (2000) and Soto (2000) have shown that FDI, which is driven by longer-term
decision making, was much less volatile compared to commercial bank loans and foreign portfolio flows
during the period 1992-97.

14 See Grossman and Helpman (1991) for technology diffusion models. See Blomstrom and Ko kko (1998)
for acomprehensive survey of FDI spillovers.

15 According to UNCTAD (1999, p. 115) roughly 94 percent of regulatory changes in the 1990s have been
more favorable to FDI. These changes include adjustments in the degree of control in market functioning as
well as explicit incentivesto MNFs.

18 To seethis, take the ratio of equations (21) and (19) and substitute for (wyn/Win) from equation (23). The
resulting expression defineswys as afunction of ¢ and the parameters of the model. Totally differentiating
this expression yieldsdwyps/dc > 0 (see Appendix A, equation A.2).
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Figure 2: The steady-state equilibrium
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Appendix A

A.1 Proof of Propositionl: Existence and Uniqueness of Steady State Equilibrium
Step 1.

We first derive the steady-state equations (S1) and (S2). Taking the ratio of (15) to (16)
and substituting for (Wun/wis) from (23) yields:

c - (1-dwy )
(1-c )kRaRnR2 adwy (W - 1)

(SD)

To find (S2), we start by taking the ratio of (19) to (21) and substitute for (Wyn/Wiy) from (23).

This gives
L & 92
kRaRC - éWHS a ) (Al)
a | @s 0agl-c)ng &
Wos & C g

Rearranging terms yields

é ) 2

s 2@l- agkgng’ (1-¢)
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Thus, through (A.2), wys is defined as a function of the parameters of ¢ and the parameters of the

oOCNC

model as wys(C;.). Next, we substitute for | from (19) into (16) and obtain an expression for E in
terms of wys, C, Wiy and parameters of the model as E(wys, €, Woy; ). Substituting for E(wys, C,

Win;.) into (22) and using wys” from (A.2) yidds
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Step 2:

We focus on a steady-state equilibrium in which al the endogenous variables attain
gtrictly positive values. This interior solution imposes some restrictions on wyy and c. First, for ng
T (0,1), weneed n, = c/a < 1, whichin turn entails ¢ < a. Second, we consider a steady-state
equilibrium in which the share of skilled in the Northern population is greater than the share of
skilled in the Southern population. Thisimplies that the RHS of (A.1) islessthan 1, whichinturn
requireskragc/a < 1. A sufficient condition that satisfies this restriction isthat 1 —kgag > 0(i.€,,
the inequality when ¢ = a). Third, for the share of skilled labor in the South to be positive, we
need 1 — (S/wis)® > Oby (21), which in turn requires ¢ > ng/(1 + ng) by (A.2) given kearc/a < 1.
Fourth, equation (S1) impliesthat for c T (0, 1), werequire 1 < wyy < 1/d.

Step 3:

To plot the (S1) and (S2) curves, we focus on therangewherec T (nx/(1 + ng), &) and

w1 (1, 1/d). For equation (S1) note that dWéN

r <0.Onthe(S1) curveasc ® ng/(1+ ry),

S1

ad _ (1- dWLN )

Wiy ® (W), where (wiy)* isimplicitly defined by =
KragNg Wiy (W - 1)

rasc® a,wn®

a’d - (1-dwy)
kRaRnRZ(l' a) Wy(wy -1)

(Wn)?, where (Wiy)? isimplicitly defined by

For equation (S2) note that %{ >0.Onthe(S2) curve, asc ® ng/(1+ ng), Wiy ®

S2

0_1_'_3(r - n)k; &

(win)°, where (w, )° = T aC® a, Wiy ® (Ww)®, where
R

2 & R
S?' aRkRnRZ(l-a) %r - n)kfaf +h_9
3 a & 2g hs
(WLN) =1+ T
(1' aRkR) 2
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Figure 2 illustrates the curves corresponding to (S1) and (S2) on (c, wyn) Space. The
existence and uniqueness of a steady-state equilibrium requires that (wiy)' > (win)° and (wiy)® >

(Wn)°. For these inequalities to hold simultaneously, we need the following restriction:

2 A > z <
o<k (1-a)é 1 o ad _1¢é 1 gl
au &+U H k,a, z8&+z f
S?- agkeng"(1-a)° 9
a’ P 5 s(r -n)k an
whereU = gg?r-n)kfaf+h§9-h7sand2: ( K a ng
€ @

(1' aRkR) (l+nR)a
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APPENDIX B
B.2 Comparative Steady State Results

B.2.1 Proof of Proposition 2: Anincreasein a
Let equations (S1) and (S2) define the following implicit functions:

C (1- dw )

SI(w,,,C;.)= - =0, SI
103 (1- c)kqagn,?  adwyy (wy - 1) D
SZ(WLN,C;_):M-T-E:O, ()
S 2
%1_ Fu
where T :_aHéi Lha with F = agksng’(1— ¢)’/c, G = agkgC, and H = (r —n)k;ac. Note
c Gusa 2t
El atl
that since ¢ > ng/(1 + rg) inequilibrium, F — G < 0. Totally differentiating the above system
yidds
gS1). (S1),, U&dc U g-Sl), ﬁda]
é Ua 1= é y ,
g2, (), vl - 20
1
where (S1), = >0,

KragNg“(1- ¢ )?

(Sl)WLN :(WLN -)+(1- dWLN )WLN >0,

ad(wyy - 1)2(WLN )2

(Sl)az 2(1- dWLN) >0’
a“d(wyy - 1wy
é u
a
(s2), = T ket (1-0)* | agks  (r-mkay o
¢ aé & Fo ., Go & Ho a
& ¢l-— -—=  ¢l-—=
€ e ag e ag e ag .y
(S2),. =+>0,
S
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dT 1 é aEH ho
S2) =-—=-—4dF - —+_T-H -__ -=
(S2k =-73 22% Go6 o)e gi a o8 a%
The determinant of the system is D= (SL)c(S2)win — (SDwin(S2)e > 0. Using Cramer’s
rule, we derive

dc _(-S1).(S2),, - (S1),,(-=2),

_— ><0.
da D

Subgtituting for the expressions in the numerator and simplifying, one can show that

1 dré 1dT8
(WLN' )daﬂ Win dag

o de, . € @ 1
sign—— Sgng(l deN)g P

Focusing on the second expression in parenthesis on the RHS and substituting for wyy from (S2)

&
and dT/da from (S2),, one can show that ¢- si L ) 3T —>O iff F-G< 0 SnceF-G
o dc
< 0 by assumption, it follows that d—>0.
a
Using Cramer’s rule one can also obtain
dwiy _(SD)c(-S2)s - (-STL(S2).
da D
Tofind d—rb,werewrite(SZ)as
da
5 ¢ hu
r-n —+—
(W - 1) :g 2 a ZH h
é (1- ¢)?u é cu é ,(1- ¢)?u’
s al- a.kyng? al - agky 2¢l- a k;n 7
gl RIR ca H 81 aH gl ROR'R ca H

Note that totally differentiating the above expression holding n, = c/a constant implies that

dLHS<O and dRHS

. ] >0. Thus, if a increases, to maintain equilibrium the RHS must fall
a a

through a decline in n,. Hence it follows that Z—n°<0.
a
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Was

Tosdgn , we differentiate (A.2) with respectto a :

dwys _ s + Twys dc
da fa fc da

gﬂl__ggi__gazeac (1-c) (1-c)a g Q
e age ag
dw,g ... dc a G- F . .
Thus, F>O iff £E> F(1+0) . >GF . However, note that this condition is
(1-c) a(l-c)

defined in terms of the endogenous variables of the system; thus, one should exercise caution in
interpreting this finding. Our simulation analysis discussed in the text suggests that for an

extensive set of parameter values that satisfies an interior equilibrium, this necessary condition

does not hold. Hence, we conclude that is more likely to be negative. With these

A
da
comparative steady state findings, it is straightforward to find the qualitative changes for the rest

of the variables winy/win, | and f ny, using (23), (19), and (21), respectively.
B.2.2 Proof of Proposition 3:Production Taxes and Subsidies

Note that production taxes by the North t and production subsidies by the South z enter
the model symmetrically. Therefore, we only examine the case of alargert and note that the

same analysis and results apply for the case of alarger z. The modified steady-state equations

with the Northern production tax are:

c . _(-odw,(1+t) g -

SI(w,,,C;.)= =
Wy 05) (1- c)kgagng® adwyy ((1+t)wy - 1)

((1+t )WLN'l)_T _E:O, ()

S2(w, ,C;.)= S 5
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A larger t shifts both (S1) and (S2) curves down in Figure 2. Thus, ddtLN <0 and dc

dt
appears ambiguous. To further investigate the sign of g—f , we totally differentiate the above

system and use Cramer’ srule. Thisyields

signg—f° sign|(- S1),(S2),,.. - (S1),, (- S2), ],

where (SL), = (1-d) o, (s2) =¥,
ad((1+t )w, - 1) S
s, (M - D (O, () ) ) o
o ad((1+t wyy - 1)*(wy )? - S

Subgtituting these expressions into above and simplifying yields

signd— sign ((1+t )WLN - 1)(1- (1+t )WLNd)
dt ad((1+t )wyy - 1)*swyy

Note that ((1 + t)w.y-1) and (1 — (1 + t)wnd) must be postive to guarantee positive profit
dc TWhis dw,s

flows, thus, d—>0 Since ——= 0 >0by (S.3), it followsthat —= & >0. Moreover, by (23)
a c

W >0. With these findings, the qualitative changes for | and f ny can be obtained by
using (19) and (21), respectively.
B.2.3. Proofs of Propositions 4 and 5: Subsidiesto Outsourcing and I nnovation

The modified steady-state equations with outsourcing subsidy s and innovation subsidy s

are.
Sl(w,,,,c;.)= (1-5)c ) o, (SD)
(1- s )keaghg’(1- ¢ ) adwy(wy - 1)
( 1) gl’ aRkRn 2(1 C) ﬂ ha h
Wi -1) € a - C _ Nhu.
S2Awy 01) = §1 S -k g =+ ()
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A larger s shifts both (S1) and (S2) curves down in Figure 2; thus, d(;Ni <0 and
S

S_C appears ambiguous. Finding a parametric restriction for % appearsto be analyticaly
S S

infeasible. Thus, using (A.2) one can conclude that s >0 iff de >0 . Moreover, equation

ds ds

M >0 iff d—C >0 . With these findings, one can determine the

23) implies that
(23) imp ds as

quditative changesin | and f ny, using (19) and (21), respectively.

A larger s shiftsthe (S1) curve up. It follows that d;\li >0 and (;ﬂ >0. Using equations
S S

(A.2) and (23), we also derive % >0 and M >0. The changesin the rest of the
S S

variables can be analyzed as above.



