
サ

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　麗0．1王

Intra－lndustry　王nvestment　aRd　I醗perfect　｝！arkets

　　　　　　　　　　　　　AGe（）metric　ApProach

　　　　　　　　i捻　si穣ple　Ge轟eral　Equilibri膿譲

Laixun　Zhao

October　1994

　　Depart播enも　of　Economics

Otar級　慧捻iversiもy　◎f　Co翫殿erce



Prelimmary, October 1994
      Com.ments Welcome

INTRA-!NDUSTRY INVESTMEN-r AND
  A Geometric Approach in Simple

!MPERFECT MARKETS
General Equilibrium

La:xun Zhao*

      Thfs paper studies intra-industry fore7'gn dfrect investment in a 2x2x2
genera7 equMbrium mode7 with bf7atera7 monopo7y in the factor market and
unf7atera7 monopo7y fn the product market. Intra-industry investment is
presented as the endogenous resu7t of the interactions between mu7tinationa]
ffrtns and nationa7 unfons. Robustness of resu7ts, vve7fare imp7ications and
distrfbution of fncome are a7so studied.

JEL

Key

Classification: F2, J5

Words: lntra-Industry lnvestment, Labor Unions, Nash Bargalmng

Address:

E-Ma":
Fax:

Dept. of Economics
Otaru University of Commerce
Otaru, Hokkaido 047
JAPAN
zhao@canal.otaru-uc.ac.Jp
81 (134) 22-0467

* M wish to thank
Otaru Unwer$lty

 Junichi Itaya,
of Cornraerce for

Kenji Yamamoto and seminar
 helpful suggestions.

participants at



                            1. Xntroduction
                                                 '                    '                                             '
     There qxists alarge Mteratyre on foreign dfir.ectinvestment (FDX), most

of which belongs to two approaches. The first is ba$ed on factor endowment

dfifferential$ and perfect competition, in which FDIiS simp]y a form of factor

movements chasing higher returns in other countries. The second is based on

firm-specific advantages and imperfect competition. By becoming multinationals,

firms employ these advantages in other rnarkets (sometimes called

"Snternalization'). Recent papers in the latter approach are Markusen (1984),

Helpman (1984) and Ethier (1986).

      However, both of the above approaches are concerned wtth one-way FDX.

ffmpirical evidence suggests that cross FDX is becomfing more important,

especially the phenomenon of intra-industry FDI, i.e. cross investrnent in the

sameindustry in different countries. Jones et al. (1983) modelled cross-hauling

finvestment, but in different sectors and with perfect competition. Many other

writer$ dfiscussed this phenomenon, but so far have not rigorously modelled

it'

      Xn an one-sector model, Zhao (1994) proposed an explanation for cross--

hauling FD!: factor market iraperfections. Specifically, ffirms become

multinational$ to gain an edge over the labor unions in the negotiation$ for

wage rate and ereployment. He exarnined a two-stage game of international

duopoly and showed that due to intensified corapetition in the product market,

firms going multinational is a unique Nash perfect equilibrfium.

      This paper builds on Zhao (1994) in the sector-specific factors model

with two identical countries. We apply cooperative Nash bargaining to study

the finteractions between firms and unions. The conventional equ"fibria for

wage and eraployment determination are shown to be special cases of this

model, using geometry. Intra-industry FDI is generated endogenou$ly as the

equ"ibrium resuk of the interactions between multinationa] corporations and

national unions, i.e. bilateral vaenopoly in the factor market and unfilateral



monopoly in the preduct raarket. We show that with intra-industry FDI, union

uti1fity decreases and firm profits increase. These results are robust when

countries differ in size. However, the smaller country tends to have a lower

negotiated wage rate. The paper also demonstrates the welfare implications and

distribution of income of unionization and of intra-industry FDI.

     The pre$ent paper has the following features. Fjrst, intra-industry FDx

exists in two countrie$ that are completely identical, which is in lfine with

empirical evidence that the larger part of actual FDX is between countries with

relative3y similar factor endowments; second, imperfectfions exist in both the

factor and product markets. Thus the paper follows closely the literature on

market distortions and wage differentials (see Bhagwati, 1971, Feenstra, l980,

Magee, 1973, Markusen and Robson, 1980, and McCulloch and Yellen, 1980), as

weli as the general equilibrium models of monopoly in international trade (e.g.

Melvln and Warne, 1973, and Markusen, 1981, 1984); last but certainly not the

least, the model and results are shown in simple georaetry, taking advantage

of the specific factors model.

      The remainder of the paper is organized as follows. Section 2 presents

the basic raodel, section 3 derives intra-industry FDL section 4 introduces

endowment differences, section 5 studies welfare and distribution of fincorne,

section 6 concludes.

                           2. The Basic Modei

2.1 A$sumpt3ons

      we use the simplest model and make the folGowfing assumptions to study

this problem.

      (a). There are two countries A and B producing two products x and y.

      (b). The countries are initially assumed fidentical fin every respect,

including factor endowments, techno]ogy, and horaothetic ut"ity functions of

representative consumers. This assuraption is made to neutralize the
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conventional sources of foreign direct investment.' Different endowments will

be considered in section 4.

      (c). y is produced competitively and is chosen as the numeraire good.

The × sector is monopoiized by a single firm and ]abor in this sector is

unionized. We will show that the b"ateral monopoly in the factor market and

the unilateral monopolyin the product market are the sources of MNC (multi-

national corporation) creation and of intra-industry investment.

      (d). x is produced with labor only, while y is produced with labor and

a sector specific factor, k. This assumption ensures production on the e"fficient

production possibility frontier (PPF), even though there exists factor rnarket

dfi$tortions.

      (e). Both x and y are produced with constant returns to scale (CRS)

technology. To simpljfy algebra, the x sector has an input-output ratio of one

by choice of units. The CRS assumption ensures concavity of the PPF to origin

in the specific factors model.

      (f). The monopoly firm does not own factors of production but iproperty

right$' to produce x. Factors of production are immobile, but equity ownership

                          'maycrosscountryborders. ･
      (g). There are no barriers and transportation costs to trade. However,

because countries are fidentical in all respects, trade w"1 in fact not occur.

2,2, The Model wfithout FDX '

      Since the two countries are identicaMn every respect, we w"1 focus on

one country, realizing that the same is happening in the other.

      Profit of the monopoiy firm in the x sector in each country

where p i$ the price of x relative to y, the numeraire good; v = x/y, for the

assumption of hornothetic ut"ity remove$ distrfibutiona} aBd income effects; w
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i$ the negotiated wage rate; and x is also equal to ' employraent in this sector.

      We assume the union has a Stone-Geary type utility functioni

                         '                                                    '

where wy is the competitive wage rate prevalling in the y sector, e and y are

the elastictaes of union utility with respect to wage differentials (w-w,) and

employment respectively. Hence they denote union preference for wages and

employment.2

      The employment and wage rate in the x sector are determined through

an efficient Nash bargaining process between the firm and the union. As is

usual to modeUabor-managernent negotiation$, contracts in the present rnodel

are binding. Xf bargaining breaks down, the union strikes, and employment

and wage rate go to zero. The conflict payof'fs (threat points) are zero to both

the unfion and the firm.3 Nash bargaining has been applied to analyze trade

policy by Brander and Spencer (1988) and Mezzetti and Dinopoulos (1991), fin

partial equilibrium models of one-country setting.

      The union and the firm bargain to solve (Nash, 1950, 1953)

       max G(x,w)=u(w,x)a r(x,y,w)i-a (3)
       w, x

where cte[O,1] is the relative bargainGng power of the union. Equation (3) fis

the "generalfized' Nash product, in which different bargaining powers are

assumed for the union and the firm. Bfinmore et al. (1986) and Roth (1979)

discu$s how different bargaining powers can be applied fin Nash bargaining

    1 The union is generally as$umed to have two type$ of utility functions. One is an additSve
function: a convex combination of wage rate and employmefit depending on the probability of being
employed, the other is the Stone-Geary type. The latter ha$ the property of being multiplicative,
which in many case$ aUows explicit solution$.

    2 In pemberton 0988>, (2) is the bargained outcome between unfion membership and leadership,
with the former emphasizing wage differentials and the latter union employment (size). The
parameters etO and ytO correspond to the bargaining powers of workers and of leader$hip
respectively. Mezzetti and Dinopoulos (1991} call the union wage (employment) otiented if e>(<)y.

    3 Nash bargainiRg imp]ies that the threat point, which is pareto ineffi¢ient, is not
 realized.
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when symraetry is removed.

     The first order condtaons to (3) are

where A = ae/(1--a+ae), 6 = ay/(1-a+ay), and o = -(p/x)(dx/dp), is the elasticity

of demand in the x sector,'and hence (1-1/cr)p is the MRP (marginal revenue

product) of the monopoly firm. Condwtons (4a) and (4b) implicit]y determine

the equilibrium wage and employment in the x sector in the absence of FD!.

     In the corapetitive y sector, firms rnaximize profits choosing the level of

labor $uch that the competitive wage i$ equal to the value marginal product

(vMp) of la6or:

where yi is the VMPy of labor, ly is the level of employment in the y sector,

and k is the fixed supply of the specvac factor fin each country.

     In the labor market, fuil ernployment yields

where x is the level of employment fin the unionized sector and Ms the fixed

endowmGnt of labor in each country.

      The model closes out with the determination of p. The representative

consumer maximfizes the homothetic u"tility function y(x,y) subject to her

constraint px+y=wx+wyly+K. Then we obtain the inverse demand as a function

of the ratio of x and y, i.e.

      p=p(x/y) where p,<O, p,>O (7)
In fact, p can be written as a function of x alone because production is on

the efficient PPF, fin which x and y are uniquely related.
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     Now we have a complete system of five unknowns x, w, ly, wy and P in

five equations (4a), (4b), (5), (6) and (7). The output of y is determined once

l, i$ known, according to the CRS production funcvion y(l,,k).

2.3. The Equilibrium in the Product Market

      The equilibriurn is found by a comparison of the marginal rate of

substitution (MRS) fin consumption and the marginal rate of tran$formation

(MRT) in production.

where MCi denotes the marginal cost of production in sector i. MC. is simply

the negotSated wage rate because labor is the only mobile factor of production

of x. MC, is equal to one (the price of y) due to perfect competition in the y

sector. Solving condfitions (4a) and (4b) for w and substituting into (8) to

o btai n

      MRT=p{1-(1-6)/cr}<p=MRS (8')
      Condition (8j) implies that in equ"ibrfium, MRT and MRS will not be

equalized due to monopoly power in the production of the × sector. More

specfiffically, too little of x is produced. !f the union does not possess any

bargaining power at all, then a=5=O, condition (8') collapses to4

which implies that the equilibrium in this model is iden:tical to those in the

1iterature, namely, of Melvin and Warne (1973) and Markusen (1981,1984), where

there are no factor market distortions but monopoly in the product market.

      Xn general, a>O. As in condfition (8'), our equilibrium is different. A

    4 lf y=o, then 6=o, teo. 8ut thls is a different equi}ibrium from a=O, since if e>o, then

w>w y by condition (4a).



           '
cori]parison is made .in 'figure 1. 0ur equilibrium,. Mi, lies to-the right

(downh"1) of. the one (M,) of Mglvin and Warne end Markusen on the ppF,

implying a smaller difference between MRS and MRT. This is caused by the

labor unfion, finterested in hfigher ethployment as well as higher wages, which

raised the production cost of the monopoly firm. Thus unionization increases

allocation efficiency. Further MRS=MRT if a:1. This can be seen from figure 1.

Note that here allocation efficiency does not necessarily imply Pareto welfare

improvement. It only implies that monopoly power Gn the product market is

reduced $ince MC. is getting clo$er to p. But this may be offset by a

different monopoly power, i.e. union raonopoly power fin the factor market.

Welfare i$sues are studied in section 5.

                              (Figure l)

2.4 Geometry

      Next, we use the farniMar sector-specafic factor$ model to characterize

the equilibriura wagbs, employment, labor allocation and profits in the present

model.

2.4.1 Some Specfial Cases

      Let us first study several special cases, which to my knowledge have

not been dealt with geometry fin the context of the present model. These cases

are obtained by givjng special values (1 or O) to corresponding parameters in

condfitions (4a) and (4b). Incfidentally, they are well-known models in the

literature.

      CZ?. Monopoly wfthout unions in the x sector (a--O), ceterfs parfbus

      In this case, wages w"1 be equalized across sectors and the monopoly

firra raaximize profits choosfing the ]evel of employment (output), implying a

first order condhion of



           '

                                            '
          '
which simply states that the 'firm eraploys labor up to the point where the

marginal revenue product (MRP.) of the monopoly firm is equal to the wage

rate. Notice the difference between conditions (9) and (5). The wage rate is

equalSzed to VMP in the 3atter, but to MRP. (le$s than VMP) in the former

because the y sector is perfectly competitive wh"e the x sector is

monopolized.

     Condition (9), together with conditions (5), (6) and (7) characterizes the

equllibrium of special case (I), which i$ Mlustratedin figure 2. The horfizontal

axis denotes employment and the vertical axises wage rates. The conventional

equ"fibrium where both x and y are produced competitively and the labor

market is not unionized is characterized by the intersection of the vMp

curves, namely pofint E.. In thGs equ"ibrium ol. of labor is employed in the x

sector and l.1 of labor is employed in the y sector. Wage rate is equalized fin

both sectors at wy. Proflt is zero for p = wy at E..

                              (Figure 2)

      With the x sector raonopolized and the y sector competitive, the

equilibrium moves down the curve VMPy = yi to point E., where MRP. cuts

VMPy. The employment in sector x decreases to ol. and that in the other

sector jncreases by 1.1.. The wage rate is equallzed in both sectors and is

forced down to w.. Moreover, positive profits eraerge as the area of WNE.w..

      ur). Industry-wfde union vs monopo]fstic ffrms (a=D, ceteris parfbus

      Mn this case, the wage rate in the x sector is equalized to the price and

the equ"ibrium is the segment of VMP. above (to the left of) VMP,. The

corapetitive wage in the y sector is found at the corresponding eraployment

point on the curve VMPy=yi.
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      CLrO. Unfon sets wage rate and monopo7y ffrni determfnes emp7oyment in

the x sector (y=O), ceterfs paribus
                                           '
     Thfis was the dominant model of wage and employ.ment setting before

bargaining and search were formally introduced. The equilGbrfium is the

segment of MRP. above VMPy, which is the so called labor demand curve. The

wage rate in the y sector is found in the same way as in special case (II).

      Cr!O. Unfon not interested in wages but emp7oyment (e--O?, ceterfs

parfbus

     This case is more likely during economic recession. The equilibrium is

the $egment of VMPy between VMP. and MRP. and the wage rate is equalized

acros$ sectors. Note that even though the union is not interested in higher

wages, the equ"ibrfium wage rate in this case i$ different from (generally

higher than) case (X) where a=O.

2.4.2 Bargaining Equ"ibriure without FD!

      Now we are in a position to anaiyze the equ"fibrium without FDX in the

more general case, fi.e. ctG(O,1) and e, y>O. From the analysi$ in the special

ca$e$, one can imply that the bargaining equfilibrium must lie in$fide the area

enc3osed by the three curves: VMP., VMPy and MRP..

     Combfining conditions (4a) and (4b) yields

Equation (GO) determines the ef'ficient Nash bargaining locus, which represents

the tangential points between the fisoprofit curves and union uti1ity curves

(McDonald and Solow, 1981, Dfinopoulos and Mezzetti, 1991, here the curves are

not drawn for the purpo$e of clarity). Zn figure 3a, condfition (10) repre$ents

the locus of the intersection points of curves CC,i and DD,i, drawn

respectively according to condhion$ (4a) and (4b) for different values of e

and y. If e is fixed, then condltion (9) can be represented by the line CC,G
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for varying y; if y is fixed, then condition (IO) can be represented by the

line DD,i for varying e.

      Notice that the efficient bargaining locu$ is i.ndependent of the

bargaining powers. ThGs is because the ef-ficfient bargaining locus is Pareto

efficient. It does not tell how the parties should divide the gains or losses.

Of course a change in the bargaining powers affect$ the distribution of

income, but not the underlying ef'ficient allocation of resources.

                          (Ffigures 3a and 3b)

      In general, e and y are changfing depending on union preference. From

condrdon (10), we can dif'ferentiate three cases, as Xlustrated in figure 3b.

      (V. Xf e=y, then the first terra on the RHS of condfition (10) is zero.

Then wy=MRP., which implies the efficient bargaining locus is vertical and goes

through the fintersection point (E.) of the two curves MRP. and VMPy;

      (fii). If e>･y, then the first terra on the RHS of condition (10) is negative.

We have w, < MRP., which implie$ that the effictent bargaining locus must lie

to the left of point E. and is negatively sloped;

      Gii). If e<y, then the first terrn on the RHS of condition (10) is posfitive.

We have wy > MRP., which implies that the efficient bargaining locus raust 1fie

to the rfight of point E. and is positively sloped.

      Thus given union preference, the equ"ibrium is represented by the

efficient Nash bargaining locus, on which the negotiated wage rate,

employment, profits and labor allocation in the whole econoray are uniquely

 determined.

      From ffigure 3b, we can also show that both the union and the monopoly

firm gafin under efficient Nash bargaining than under special case (IXI). This

 was pofinted out by McDonald and Solow (1981), though in a partfial equi]ibrfium

framework. To see this in figure 3b, suppose the union chooses wage rate w,
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on the curve MRP. above E. in special case (HI), then the firm would employ

l, of labor. But on the efficient bargaining locus (any of the three), w,

corresponds to a higher level of employment. Both the union and the firm-are

unambiguously better off.

                      3. Intra-lndustry Investment

     In this section, we show that firm proffits increase if they undertake

symmetric intra-findustry investment and unions stay nationally independent.

Again we focus on one country.

      We assume that if firms become multinationals, then there is one

bargaining game fin each country, in which the wage and employment are

deterrnined by the three p]ayers (the union and the two firms). The bargains

are independent and $imultaneous.5 Firm participation in bargaining is

repre$ented by the headquarters, not branches. For simplieity, we rule out

any coalition other than the one involving all three players. For Nash

bargaining games among n >= 3 players, see Roth (1979).

      Let ×:xA+xB, and x'=xX-Fx*B, where xi and xl denote the employraent

(output) of fGrm i (=A,B) in the two countries respectively. Due to syrnmetry,

xB=xX and xA:x*B. Each firra's profGtis the sum of its profits "frora two countries,

which can be written again as in equation (1). Then the "generalized' Nash

product for the bargaining game in one country can be written as:

 maxH(×,w)=u(w,x)a{(p-w)(x,+xX)-(PO-w)xX}3{(p-w)(×,+xE)-(pO-w)x",}ima-B (")
  w,x

where u(x,w) fis given by equation (2); aG[O,1] and BE[O,1] are the relative

bargaining powers of the union and the firm in country A; (PO--w)xX fis firra A's

conflict payoff in country A's bargaining game, which is equal to the profits

of A's branch in country B fin case the union ln A strfikes; (PO---w)x*B is firm B's

    5 one can thank of a situation in which every firm $ends an agent to each country to
participate in the bargains. The agents frem the $ame firm in two different ganaes are not a13ewed

to communi¢ate dvring bargaining.
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conflict payoff in country A's bargaining game. Note that PO=p(x/2y) is the

price of x if one country strikes and only the other country produces, thus

pO(>p) is a constant.

      The two firras and one union in each country ghoose w, xA(=xg) and

×,(=xX) to maximize the "generalized' Nash product in (11). The first order

conditions are

     cte/(w-w,)-Bx,/{lr-(PO-w)xX}-(l-a-B)x,/{K-(PO--w)x*,}:O (l2a)

     ay/x + B{p(1-G/o)-w}/{Tr-(PO-vv)xX} - (1-a-B)(p/cr)/{tt-(PO-w)x",} = O (12b)

     ay/× - B(p/G)/{Tr-(PO-w)xX} + (1-a-B){p(1-1/ti)-w}/{K-(PO-w)x*,} = O (12c)

Substituting and rearranging, we obtain the following two conditions for wage

and employment determination

      w= A(2p-PO)+(1-A)w, (13a)
      w=6(2p-PO)+(l-6){p(l-1/o)} (l3b)

where A=ae/(1-G+ae) and 6=ay/(1-a+ay). Note that in conditions (12) and (13b),

p(1-1/a) = p+(x+x*)p', for all firms (hence all outputs) are involved fin the

bargaining garae in (M). Apparently 2p-PO>O since w-(1-A)w,>O.

      Conditions (13a) and (13b) are comparable to conditions (4a) and (4b).

The only difference is the first term on the RXS, which is $mallerin the tirst

two equations. We w"l employ ffigure 4 to "lustrate this. Draw curves CC"

and DD" respectively according to condfitions (13a) and (13b). They must lie

below CC,i and DD,i, for gfiven values of e and y, since p-pO<o.

                               (Figure 4)

      Corabining conditions (13a) and (13b), we obtain

      w,=(1--e/y)W+e/yp(1-1/ff) (14)
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Condfition (44) is iden.tical to condition (10), except.that it is the efficient

bargaining lqcus of three players i.e. the two firrps and one 'union. Thus the

effioient bargaining iocus with intra--industry FDI w"1 have the same shape as

the one without FDX. But there is on' e big dGfference between the two loci: the

equ"ibrium with FDI lies below the one without, as can be $een from

condhions (13a) and (l3b), and correspondingly curves CCii and DDii.

     In general, under intra-ndu$try FDI, we have the following three cases.

      (i'). xf e=y, then the equilibrium 3evel of employment is fidentical to that

without FDI, but the wage rate is lower;

      (ii'). Xf e>y, then the level of employment is higher than that without

                                        'FDI, but the wage rate Gs lower;

      (tii'). If e<y, then both the level of employment and the wage rate are

lower than without FDX.

      Thus with intra-industry FDI, the bargaining equilfibrium moves c3oser

to E., the monopoly firrn and competitive labor equilibrium. The union is

unambiguou$ly worse o'ff if erdy, $ince the negotiated wage rate decreases, and

the level of ernp3oyment decreases if e<y and stays unchanged if e=y. What if

e>y? We claire: union utilfity decreases with intra-industry FDI if6

MMRP. < MRPy, where MMRPiMRP.+xd(MRP.)/dx, MRPyxxwy+dwy/dx.

      Proof: Substituting (14) into (2) to get rid of w, we obtain

      u(x)={e/(e-y)}e{p(1-1/ff)-W,}eX¥ (15)

Differentiatfing with respect to × yields

      u.=u/{(MRP.-w,)x}{ex[d(MRP.)/dx-dw,/dx]+y(MRP.-w,)} (16)

We use figure 5 to interpret condition (16). MMRP. Iies below MRP. since

d(MRP.)/dx < O is the slope of MRP.; MRP, lfies above VMPy sfince dwy/dx>O is

,...,6,.L pe ,t,dM,e. tC }a,r;Xg yt h,e. ,rnte.a,",i "bg,tOdf. ft ,b.e. dt e.r,M iS,OB9gg.:9, {?. 6. MtR.P.y, ifS. ,n?X.e,q.U.a; .t.O, gtib,e.iM7g9g::g

product in the y sector is wy.



 '

the slope of wy. The two curves MMRP, and MRPy. intersect at point Eo, to the

left of poin! E., j.e. e>y. It is clear that between Eo and Eth, MMRP. < MRP,

even if e=y (the expression in the last curled brackets). Thus if e>y, condition

(16) is negatively signed. (QED)

                              (Figure 5)

      To the left of E,, MMRP. > VMP,. Condition (16) may still be negative if

(e--y) is big enough to raake the expression in the last curled brackets

negative.

      To show that firms will in fact unciertake intra-ndustry FDI, we need

to prove that profits increase if they become multinationals. From figure 5, fit

is not hard to see that ffirm profits increase with FD! if ebey, for the

negotiated wage rate decreases, and the level of employment increases (e>y)

or stays unchanged (e=y). To see the profit change$ in the third case (e<y),

$ubstitute condition (14) into (1) to obtain

      rr(x,y)=x/(y-e){y(p-w,)-ep/a} (17)

Differentiauing with respect to x yields

      K.:1/(y-e){y(MRP.-MRP,)÷exd(MRP.)/dx} (18)

If e<y (to the right of E.), then condition (l8) is negatively slgned, lmplying

that ffirm profits increase when x decreases. Referring back to case (iii'), one

immedrlately sees that FDI increases firm profits.

      Why do wage rates decrease and flrm profits lncrease wath intra-

findustry FDI? The reason 3ies in the threat points fin the bargainGng garaes.

In the ba$fic rnodel where firms do not undertake FDI, the threat points are

zero for both the firra$ and the unions, if bargalnlng breaks down and the

union strikes. However, with intra-industry FDI, if nationally independent
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unions strike in one country and the other country' keeps producing, then one

branch of each firm js earning profits, hence the threat points for the -firms

are positive but zero for the unions. In fact, since the bargains are

simultaneou$ and no rebargaining is allowed, production in the non-strfiking

country stays unchanged and world output of x decreases. Thus p and the

profit of the branch that produces increase. This puts the unions in a more

con$ervative posfition and the firm$ in a more aggressive one in the

bargaming games.
                                      '
      To elaborate the above points, we employ figure 6, where in the ab$ence

of FDI, (O,O) is the threat point in the bargaining game. The area inside and

on curve uoTco fis the payo"ff space. The Nash bargaining equilEbrium is Bo.

When firras become multinationals, the threat pofint moves to (n,O) with n>O. To

satisfy the individual rationalfity constraint of the multinational farm, the

payoff space i$ truncated by the verticaHine gofing through (n,O) and the left

portion is thrown out. The new equ"fibrium is pofint B,, in which firm profits

Sncreased and union utility decreased.

                               (Figure 6)

      We have just shown t'he equilibrium of intra-findustry FDI. Ffirm profits

fincrease due to an improveraent in the threat points. It is not hard to fimagine

that af one firm undertakes FDI while the other does not, then the profit of

the reultinational increases wh#e that of the national decreases, because the

union as well as the national ffirm have to yield to the multinazional ffirm jn

the bargainfing games. This was in fact proven by Zhao (1994), in a one-sector

setting, who also showed that the negotiated wage rate$ decrease in both

countries. Thus intra-industry FDX fi$ the unique Nash perfect equiMbrium.

                      4. Di"f-ference in Country Size
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     In this $ection, we consider the case where'country B is sE(O,1] times

the size of country A, but identical in all other aspects. To distinguish our

model from those on FDI caused by different endowraent ratios (e.g. the Hos

type), we assume the countries have the sarae ratio of ×/y=v.

     In the absence of FDI, since there is no change in country A, then the

bargaining equ"ibrium in A is the $ame as the one in $ection 2.4.2. Not

surprfisingly, the negotiated wage rate and the ratio of labor allocation in B

is the same as in A, for p and v are the same in the two countries. Firm

profits in B is s time$ that of A.

      The more interesting case is when both countries undertake intra-

industry FDI. By solving the bargaining problem in country A, appiying the

technique of section 3, we obtain (' denote$ variables in B>

      w= A{(1+s)p-sPO}+(1-A)w, (l9a)
      w:6{(1+s)p-sPO}+(1-5){p(G-1/6)} (19b)

where p(1-1/cr)=p÷(1÷s)xp' and PO:p(x'). CombEning the above to obtain

      w, -- o-e/y)w+e/yp"-/g) (2o)
                                   '

      In country B, by solving its bargaining game, we obtain correspondfing

first order conditions

      w" :A,/${(G+s)p-(pO}+(1-A,)w, (21a)
      w*=5/s{(1+s)p-&)O}+(1-6){p(1-1/cr)} (21b)

where p(1-1/a)=p+(1+s)xp', w* is the negotiated wage rate in B, and s)O=p(x).

Corabining the above to obtain

      w,=(1--e/y)w*+e/yp(1-1/o) (22)

      Now we can finterpret the above results of intra-industry FDI with

difference Gn country size. First, frorn conditions (20) and (22), the ef'ficient
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bargaining locus fin the two countrie$ has the same shape as when the

countrie$ are completely fidentical ($=1), and again the locus can be studied

in three cases depending on union preference; second, the negotiated wage

rates with FDX in both countries are lower than that of no FDI; third, if we

carry out the same analysis as in section 3, it is not hard to find that firm

profits increa$e and union utility decreases in both countries. The above

results in section 3 are rObust when countries differ fin size.

      To see the changes in the negotiated wage rates, substituting pO=p(sx)

and geO=p(x) into conditions (19a) and (21a) and differentiating respectively

with respect to s, we obtain

      dw/ds=X{p-(PO+sxPO')} (23a)

where p is the world "regular' (as opposed to threat poinV price and does not

depend on s in the above dif'ferentiavion. Condfition (23b) fis posinvely signed,

implying that the negotiated wage rate in country B fincreases lf B's size rises

relatGve to A's size. The reason is, the proportion of firm profits from B

increa$es as $ doe$ and firms have more to lose if bargaining breaks down.

Condition (23a) can be interpreted fin similar fashion. It is negatively signed

if the "regular' world price (p) fis less than firm A's margfina] revenue product

at the threat point. This fis very likely if s js suffGciently small. Sfince in this

case if bargaining breaks down in A, world output is only a $mall proportion

of the tregular' level of output, price and the marginal revenue product w"l

be high.

      Are the wage rates dfifferent? Subtracting condition (23a) frora (23b)

yields

      df(s)/ds=d(w*-w)/ds >O (24)
where f(s)=w'-w. Condition (24) is apparent frore the dfiscussions following

conditions (23a) and (23b). Remembering that f(s) :O if s=1, then as illustrated
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in figure 7, f(s) is a positively sloped curve below O. Thus in equ"ibrium, the

negotiated wage rate in the sraaller country B is lower. This again attributes

to the threat point. A firm fin the smaller country has a higher conflict payoff

(firm's loss i$ smaller) in case bargaining breaks downf whfich puts the firm

in a more aggressive po$ition and the union in a more conservative one.

                       ' (Figure7)

                  5. Welfare and Distribution of Income

     As fis well known, the first best social op"timura is point E.in figures 2-

5, where VMP, and VMPy inter$ect and there are no dfi$tortions fin either the

factor markets or the product market. The total welfare at equilibrium E. is

represented by the area under the two VMP curves and bounded by the

vertical and horizontal axises. Any deviation from E. will decrease social

welfare and not result in first best. In the present model, deviations involve

two effects: the output effect and the price (wage) effect. For instance,

monopoly in the product market moves the equ"ibrium to point E., at which

too iittle of x is produced and the wage rate fis too low wh"e price is too

hfigh. This causes a welfare loss associated with monopoly power, a$ well as

redistrfibution of fincome from labor to ffirms.

      What are the effects of unionization? In figure 3b, unionfization moves

the equ"ibrium away from E. along the ef-ficient bargaining locus. We can

differentiate three case$.

      (fi"). xf e=y, unionization results in the same level of employment but a

higher wage rate than pure monopoly, social welfare is the $ame as at ff., i.e.

the total welfare at E. subtracted by the area NE.E. in figure 3b. The

increase in wages simply redistributes income from the firm to the union;

      (fifi"). If e>y, then unionization decreases the output of x but fincreases

the wage rate cornpared with E., and socfial welfare is decreased;



  . (iW'). xf e<y, then unionization increases both the output of × and the

wa-ge rate. As a result, social welfare increases compared with E.. But social

welfare wXl not reach the level at E. unless the union has all the bargaining

power (a=1) and it does not care about wage rate at al] (e=O).

     Intra--industry FDI in the present model does exacdy the opposjte of

unionization to $ocial welfare, since it raoves the bargaining equilibrium c]oser

to E. along the efficient bargaining locus in figure 4. 'rhus, if e=y, then there

is no ohange in social welfare; if e>y, then welfare fincrease$; if G<y, then

welfare decreases. Xn all three cases, the negotiated wage rate decreases and

income is redistributed to firms.

                             6. Conclusions

      This paper studied intra-industry FDI in complete]y identical countries

in a standard finternational trade model, by applying Nash bargaining to

analyze the interaction between multinational firms and national unions.

Though we assumed one "firm fin each country (duopoly in the wor3d), the

raechanfism is simfilar if the ×industry has many firms, as long as unions stay

nationa13yindependent. Collusion on the part of the fSrms, however, may create

a new equilibrium, which w"1 increase the tendency for firms to go

mukinational.

      There are many other factors that can determine the pattern of FDI,

including trade costs, coramercial poMcy, firra specific advantages, etc. A

particular fruitful avenue might be to include technology development to

create firm specific advantages. Hopefully the present paper wfill stimulate

sorne interests to study the$e fissues fin connection with fintra-findustry FDI.
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