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The theme of this article is that competition, here modeledempt to block the new technology. To keep matters as
as the movement of goods between two areas, reduces @mple as possible, that process is largely kept in the back-
sistance to new technology and, hence, leads to increasgcbund in this article. We assume the process is such that
technology adoption and wealth. The article develops #he skilled groups have the means, at certain resource
model in which the extension of markets leads to reduceosts, of constructing barriers to the efficient technology.
tions in activities that block new technologies. We first study a single area, ar&ashowing that under
Why build a model that has a new role for competition some conditions skilled groups erect barriers to new tech-
in creating wealth? As an empirical matter, the introduc-nology. We then study a two-area world. To make our ar-
tion of markets brings tremendous increases in wealthgument as simply as possible, we study a world in which
(See, for example, Rosenberg and Birdzell 1986.) This hathe two areas, are#sandB, are identical in all respects
been observed over and over and is again being witnessegkcept that in areB the costs to blocking technology are
for example, in Southeast China. However, there is stilprohibitively expensive. Hence, blocking does not happen
plenty of uncertainty among economists as to why compein areaB. If markets are limited—that is, if goods do not
tition, or the extension of markets, has been so successfaiove betweer andB—then under some conditions (the
in creating wealth. Two mechanisms are clearly at worksame conditions as above) the new technology is blocked
the extension of markets leads to increases in specializa A. If the technology is blocked iA, then we show that
tion and facilitates comparative advantage. But it is noif there is an extension of markets—that is, if goods do
clear that these mechanisms alone account for the trememove betweei andB—the resistance to new technology
dous success of markets. Other mechanisms may be as,iprareaA is broken (under some conditions).
even more, important. The argument for why resistance is broken is simple.
Why introduce the particular mechanism we explore—To be concrete, it might be helpful to think of aréas
that an extension of markets leads to reductions in resid=urope andB as Japan. Suppose the new technology is the
tance to new technology? Our motivation here is also pritean production methods used in the auto industry. Sup-
marily empirical, that is, based on observation. We nopose initially thatA, or Europe, is closed to Japanese auto
ticed a large number of industries in which the extent ofimports and that it bans the use of lean production in its
the market for the industry’s good explained, in large partfactories (through rigid work-rule laws, for example). Now
the degree to which new ways of producing the goodsuppose that trade wi, or Japan—which by assumption
were resisted. Below, we present a few brief industry casbas no barriers to lean production—is introduced. With the
studies—for the construction, automobile, and dairy indusextension of markets, cars produced with the more efficient
tries—that make this point. The U.S. construction industrytechnology in Japan will be exported to Europe. The ex-
is one in which, because of the nontransportable nature gforted cars will displace the cars produced in Europe with
the good, the extent of the market is narrow. Given thisthe inefficient technology. Hence, those with a vested in-
we are not surprised by the significant resistance to newerest in the inferior technology in Europe will gain noth-
production techniques that is found in this industry.ing from the rigid work-rule laws. Therefore, the exten-
Though the auto industry is one in which the good can besion of markets diminishes the incentive to keep the work-
moved across areas, the industry in the United States hagle laws. The model, then, makes clear that competition
been relatively more open to competition than has the Eucan reduce resistance to technology.
ropean car industry. In our view (and in the view of in-  The idea that competition may reduce resistance to new
dustry observers), the more rapid adoption of Japanegechnology is not, of course, new. For example, Olson
lean productionmethods in the United States is due to (1982, especially chap. 5) has discussed how trade and
greater resistance to these methods in Europe that resulti&ttor mobility may limit the effectiveness of special inter-
from the European car market being relatively more close@st groups. And it has long been recognized that special in-
to competition—that is, to Japanese cars. The final exanterest groups may attempt to block new technology; since
ple we discuss below is one in which resistance to a newhe 19th century, for example, the wdrddditehas been
technology in the U.S. dairy industry—namely, the use ofused to refer to such a group. (For an extensive discussion
a growth hormone genetically engineered to increase thef resistance to new technology, see Mokyr 1990.) What
milk production of cows—failed because the extent of theis new in this article is an exploration, in a formal model,
market was too great. of the link between how easily goods move between areas
The model we develop is a simple general equilibriumand whether or not special interest groups resist new tech-
model that determines the extent of resistance to new teciniology. Before we can provide answers to such quantita-
nology at each of a number of (usually two) locations ortive questions as why markets have been so successful in
areas. We ask how the extent of resistance depends on tbeeating wealth, we must develop formal models.
extent of markets. Bextent of marketsye simply mean A property of competition, then, is that it reduces resis-
whether or not goods can move between the two areastance to new technology. But why, then, would skilled
In the model, the sources of resistance to new technofjroups ever agree to an extension of markets, as they
ogy are groups of individuals who stand to lose rents if ssometimes do? (Witness the recent increase in the number
new technology is introduced. In the real world, these rentsf regional free-trade zones.) It turns out that this question
take a number of forms: for example, returns to skills intoo can be understood in the context of the model. To see
a technology that is less efficient than the new one or rethe answer suggested by the model sketched above, con-
turns to a privileged position granted, say, by the governsider the interest of a particular skilled group in promoting
ment. In the model, we take the rents to be returns to skillsompetition. Competition will break its barrier to new tech-
in a less efficient technology. Hence, we use the terrmology, clearly a bad prospect for the group, everything
skilled groupgo refer to the people who stand to lose rentselse equal. But competition will have the same effect on
if the new technology is adopted. We assume that théhe barriers of other skilled groups. They, too, will reduce
skilled groups can use a regulatory/political process to attheir resistance to new technology. For the original group,



that is a good prospect, everything else equal. The seco  dowments
effect may be so good that it offsets the losses from th here is a unit measure of individuals in the econom
first effect of competition, that is, from its influence on the Each individual is endowed with one unit of labor in eac%l
skilled group’s own barrier. If the second effect dominates, - ; . . .
then all groups can agree to extend markets and compeffe"iod- In period 1, the endowment is used for either lei-
tion. This analysis leads to the conclusion that competit oroure or resistance activities. The nature of resistance activ-

or extension of markets, may be an efficient way to com Ities is described later. In period 2, the endowment is used

mit to removing barriers to new technology. to produce either food or manufactured goods.

We study this second question—Why does competition Individuals are also endowed with skills for producing
spread?—in a slightly different model than the first. In thingOdS' Everyone is assumed to have the same skill in pro-

second model, are#sandB are identical in all respects, ducing food, but to differ in their skill for producing man-

including their resistance technologies. In this setup, wé'::tacwr:ed go((j)ds._ It V\]f'" be simpler to d%scrlb; these skills
ask, When will skilled groups in the two areas vote to g1-21ter the production functions are introduced.
low goods to move between areas? Technology

The remainder of the article is structured as follows— p,54,ction

We begin by discussing the model environment. We therL,et | denote the input of labor into the production of

discuss the equilibrium and the resistance to new technok,,4s \We assume that the production of food takes place
ogy in a one-area world. After this, we show that an ex-nqer constant returns to scale. We also normalize units

tension of markets reduces resistance to new technology, yhat one unit of labor produces one unit of food: that is,
After this, we show that under some conditions all skilled,, —

groups can agree to an extension of markets. This material

, Next, consider the production functions for manufac-
complete_s the formal presentation pf the model. We the red goods. As suggested above, there is initially an old
turn to discuss the examples mentioned above. The fin

. di ; ¢ related i chnology for producing each manufactured go&bme
?ﬁﬁ?g?gg;ecﬂs some discussion of related literature angqja are skilled in the old technology for producing good

i; others are unskilled. The output of an unskilled laborer
The Model Environment using the old technology i = I. The output of askilled

In this section, we describe the one-area world. We begitborer using the old technologyys= 6l, where8 > 1.

with a very brief overview of the model. We then describe ~ As also mentioned abovepawtechnology for produc-
preferences, endowments, and technologies. Finally, wi&g goodi becomes available during the first period. Since
give a formal statement of the timing of events. the technology is new, all individuals are unskilled in this
. method. The output of an unskilled laborer using the new
An Overview . technology isy, = \l, wherey > 1. We assume that> 6.

In the model economy, there are two periods. At the StaRrhis condition says that a unit of unskilled labor applied
of the first period, there is a technology—the old technoly, the new technology is more productive than a unit of
ogy—for producing each good. Some individuals aregyieq Jabor applied to the old technology. Finally, we as-

skilled in the old technology. During the first period, an- syme that all manufactured goods have the same produc-
other technology for producing each good becomes avaik, possibilities. (That is, neith@nory is indexed by.)

able—the new technology. This technology can be adopt- \ye now describe the endowments of skils in the old
ed at zero cost. Skilled groups decide whether or not (@chnologies. Some individuals are unskilled in the old
resist the new technology. After this decision, the modetechnglogy for each goddWe call this group of individ-
economy enters the second period, during which goodg|s theunskilled groupThose not in this group are in the
are produced. The goods are produced with the old techyijieq group. A member of the skilled group is skilled in
nology and, if it has not been blocked, the new teChnOIO'producing only one of the manufactured goods. The group
9y- of individuals skilled in producing goodwe call skilled
Preferences group i. We assume that the fraction of the population in
Individuals in the model consunie+ 2 goods. There are Skilled groupi is the same for alland denote this fraction
three types of goods. One is food. We denote the quantit?sﬂ- Hencekn is the fraction of the population that be-
of food by the variablex. Next, there aré manufactured [ongs to some skilled group. L&t= kn. Then the fraction
goods. We denote the quantity of manufactured gand ~ Of the population in the unskilled group is 1A=

the variabley;, i = 1,...k. The last good is leisure. We de- (1 Ragistance

note quantities of leisure by the varialble . . Skilled groupi has the ability to construct a barrier to the
AII_ individuals in thg economy hqve the same utility o\ technology for producing goddmeaning that no in-
function over commodity bundles, given by dividual can use the new technology (including the mem-
B bers of skilled group). We now describe the process by
(D) UKYaYor-Yiod) = [uxNIh@)] which barriers to new technology are erected. The mem-
= (CyRyE. yA)N(D)] bers of skilled groupdecide, as a group, whether or not to

engage in resistance activity to block the new technology.
wherea > 0,3 > 0, a + kB = 1, andh(¢) is strictly in-  We denote the action taken by groupsa, g O {b,n},
creasing. The utility function is the product of a term thatwhereg, = b means that the skilled group erects a barrier
depends on the consumption of food and manufacturetb for barrier) to the new technology ar&l= n means that
goods and a term that depends on leisure. The utility ofhe skilled group does not erect a barriefdf no barrier).
goods consumption is Cobb-Douglas. Kmanufactured The members of skilled groupmust spend resources
goods enter symmetrically in the utility function. to block the new technology. We assume that the group

must spend a total @ units of labor endowment in order



to block the technology. Let= p/n. Then if each mem-

ber of skilled group contributes units of labor endow-
ment, the new technology is blocked. We assume that the
group can act collectively in getting its members to con-
tribute to the common cause. Since each individual is en(—z) Mg [UX WL
dowed with one unit of labor in period 1, an individual's subject to

leisure ist = 1 if no barrier is erected ahd = ¥ oth-
erwise. (We assume thak 1.) (3)

Timing of Events 4 Osms1
We now describe the sequence of events in the model. ) o
There are two periods. In the first period, a new technolo- ~ Whereh,, = h(1-). (Recall that each high-skill indi-

The choice it,x]),yf) maximizes typeH’s utility;
that is, it solves this problem:

x + pPy < (1-m) + p8m

gy becomes available. Each skilled groghooses to erect vidual has to allocate units of his or her leisure en-
a barrier or not; that is, it choosas] { b,r}. Each skilled dowment to erect the barrier.)

groupi makes its choice to maximize the utility of the indi- ¢~ The choice if¥,x",y?) maximizes typelL’s utility.
viduals in skilled group. The choices; are made simul- [The utility-maximizing problem of typé is the same
taneously. In the second period, all agents in the economy  as that forH except thab is replaced with 1 anti,
act competitively. The nature of the competitive equilibri- with h, = h(1).]

um in the second period depends on the extent of resi§-  pemand must equal supply for both goods:
tance in the first period. This completes the description of

the one-area world. We analyze this world in the nexsy  (1-0)x? + AxE = (1-A)(1-nP) + A(1-m?)

section. . .
6 1AW, + Ayg = (1A + A6,
The One-Area World (6) (LN + N5 = (AN + A6
To keep matters simple, we begin with the case of a sin- | is easy to show that there is a unique equilibrium.
gle manufacturing gook ¢ 1). To show that competition e following proposition characterizes some properties
reduces resistance to new technology, it will suffice t0uf the equilibrium. In order to state the proposition, we
havek = 1. Later, to show that skilled groups may agreeyefine two critical values ok, X' andA”, where\' =

to an extension of markets, it will be necessary to havetl —a)/(1-0+aB) and\" =1 —a (so that 0 ' < A" < 1)
many manufactured goods ¥ 1). '

Recall the timing of events from above. In the first pe-PROPOSITIONL. There is a unique equilibrium. K < X',
riod, the skilled group chooses whether or not to erect &1en i = 1 and ¢ O (0,1). The price of the manufac-
barrier to the new technology: that is, it choosés{b,r}.  tured good is p= 1. If A" <A < A", then njj = 1 and
In the second period, there is a competitive equilibriumnt = 0. The price of the manufactured good i [
In order to study this situation, we work backward in ime. (1/8,1). Finally, if A > A", then i, O (0,1) and n = 0.
First, we define and calculate the competitive equilibriumThe price of the manufactured good f5-p1/.

in the second period. We calculate the second-period equi- Before we discuss this proposition, there are two things
librium for the case in which the barrier is constructed ago recognize_ First’ skilled individuals have the same pro-
well as for the case in which the barrier is not constructedductivity in food production as do unskilled individuals,
Let v denote the utility of the representative skilled py the skilled have a higher productivity in manufactured
individual in the barrier case and the utility in the no-  good production. Hence, skilled individuals have a com-
barrier case. Second, given the values/bandV", we  parative advantage in the production of manufactures: un-
turn to the analysis of the first-period problem of theskilled individuals, in the production of food. This means
skilled group. The decision is simple: the skilled groupskilled individuals work relatively more in the production
chooses to erect a barrier if and only/ff> v". of the manufactured good. Second, the degree of special-
Equilibrium With a Barrier . . . ization depends ok, the fraction of skilled workers in the

Suppose the new technology has been blocked during tRPPUlation. , ,

first period; that isa = b. The first step is to define acom-  SUPPose, then, that is very small. Then unskilled
petitive equilibrium of the economy. Without loss of gen- WOrkers cannot completely specialize in the production of
erality, we assume that all individuals of the same skill ley-fo0d because there is an insufficient number of skilled
el behave the same whyndividuals allocate their unit workers to accommodate the demand of unskilled workers
second-period labor endowment between the production ¢ the manufactured good. Hence, in the equilibrium allo-
food and the production of the single manufactured goocCation, unskilled individuals produce both food and the
Let m_ denote the units of labor allocated to the manufacnanufactured good while the skilled individuals complete-
tured good by an individual with skill leves, wheres = Y Specialize in manufacturing. That isy; = 1 andn O

L denotes an unskilled, dow-skill, individual ands=H  (0.1). Since unskilled individuals produce both goods, they
a skilled, orhigh-skill, individual. The units of labor allo- Must receive the same income per unit of labor in both
cated to food production is the residual Incof the unit production activities. The income per unit of labor in food
labor endowment. Regarding consumption, Jety) de- 1S 1 Th_e income per unit of labor in manufacturegfis
note food and manufactured good consumption of an indi_quumbrlum requires that these two returns be equal; hence,
vidual with skill levels. p=1 - .

Let food be the numeraire, and fetlenote the price of By analogous reasoning, fis close to 1, then skilled
the manufactured good in terms of food.cAmpetitive individuals produce both food and the manufactured good,
equilibrium under the barrieris a set £°,nP P, while the unskilled ind_ividuals completely specialize in
x5 yB} satisfying three conditions: food production. That isyf, 0 (0,1) andny = 0. Here,



the price of the manufactured good equals the marginalividual is, of course, hurt by higher prices. For example,
rate of transformation between the two goods for thef A < A’, then erecting a barrier increases the price from
skilled individuals; that isp°= 1/8. p" = 1 to p° = 1. The increase in price is smaller the
Finally, if A <A < A", then skilled individuals com- larger isA. If A = A", then the price increases frgpfi =
pletely specialize in manufacturing while the unskilled in- 14/ to p° = 1/8. As a producer, the individual is typically
dividuals completely specialize in food production. Thathelped by higher prices but hurt by lower productivity. On
is, m} = 1 andnP = 0. The equilibrium price declines balance, erecting a barrier increases income (or leaves it
monotonically fronp® =1 atA =\ top° =18 atA =\".  unchanged). This has a positive effect on utility K \',
That is, the price lies between the marginal rates of tranghen erecting a barrier increases the income of a skilled in-
formation of the two skill levels. The equilibrium price dividual from p"y = 1 to p’8 = 6, where® > 1. The in-
equates the demand for the manufactured good by the unrease in income is smaller the largekidf A = A", then
skilled individuals with the supply from the skilled indi- there is no increase in income.
viduals. Given these effects, it is clear thathf=> A", then the
The equilibrium utilityv® of the representative skilled skilled group chooses not to erect a barrier. If a barrier is
individual depends upon the equilibrium price of the man-erected, then the price of the manufactured good increases,
ufactured good, and this, in turn, depends upon the fragyet there is no increase in income. ButAif< A', then
tion A of skilled individuals in the population. Chart 1 plots erecting a barrier results in both higher prices and income.
equilibrium utility v° as a function oh. In the case where Which effect, the price or income effect, dominates de-
A is less thard\', price is constant at 1, so utility does not pends on other parameters of the model. If the share of
change withA. In the range betweekl andA”, the price  food in the budget is large (that is,dfis large), then the
declines and the utility of the skilled individuals falls along increase in the price of the manufactured good is of small
with it. For A above)”, the price is constant at its mini- consequence. The income effect dominates. This is the log-
mum point ofp® = 1/8. The utility of the representative ic behind the conditio® >y stated in the proposition.

skilled individual is constant at its minimum point. How Competition Reduces Resistance

... And Without a Barrier We now show how the extension of markets reduces re-
Now suppose the new technology was not blocked in theistance to new technology. We consider an environment
first period; that isa = n. Recall that the new technology in which there are two areas. The first area, &ésiden-
with unskilled labor input is more productive than the oldtical to the area in the analysis above. The second area, ar-
technology with skilled input; that is,> 6. The old tech-  eaB, is identical to that above except that resistance costs
nology will not be used, so possession of high skill for thein B are extremely high—so high that there are never bar-
old technology is irrelevant. All individuals in the econo- riers to new technology in ard& In this section we ask,
my are equal in that they are all unskilled in the new techWhat happens in ared if there is an extension of mar-
nology. kets, that is, if the markets iA andB areintegrated,or
Given that all individuals are alike, it is easy to define the two areas form a free-trade union? In particular, we ask
equilibrium. We will not do that here, but will rather state whether or not the skilled group #will choose to erect
some of the properties of equilibrium. The equilibrium a barrier given the extension of markets. We compare this
price of the manufactured good is the marginal rate othoice to that made when markets are limited, that is, the
transformation between the two goods; thapis= 1.  outcome in the preceding section.
All individuals in the economy have an income of one We assume that the shipment of goods between the two
unit of food. This follows because each individual is indif- areas involves no resource costs, but that labor is immo-
ferent, in equilibrium, to allocating his or her entire unit la- bile.
bor endowment to the production of a unit of food. Final- It will be of interest to consider two types of barriers to
ly, the utility v" does not depend ok as shown in Chart new technology in this section. Onepaduction barrier
1. in an area, makes it impossible for any worker to use the
» . new technology in the area. The othecpasumption bar-
chgntﬂ?/znsoﬁlg;Zteestljsfﬁg%ialyses of second-period ecluililﬁ'-er in an area, makes it illegal to sell goods in the area
fium when there is a barrier—that is. whare b—and hat are produced Wlth the_ new technology. In a one-area
’ world, a consumption barrier has the same effect as a pro-

when there is no barrier—that is, whar n.We are Now ., vion harrier. (There is no point to producing a good if
in a position to state conditions under which the represerz o iiilagal ) In a two-area world, a consumption bar-
tative skilled individual is better off with a barrier than fier is not the séme as a production ’barrier

without one (the conditions which permit us to draw Chart
1 as we did, that is, witlk® abovev" for small]). Production Barriers
h We have the following proposition concerning production

PROPOSITION2. Suppose tha > y* ™. For small enoug barriers:

r, there exists a poink O (A", A"), such that ifA <A, then
VP > " while if A > A, then W < V", PROPOSITION3. If o > 1/2, then the skilled group in area
A does not erect a production barrier when there is an ex-

This is illustrated in Chart 1. The proof of this proposi- tension of markets.

tion is in the Appendix. Here, let us describe the intuition
behind this result. Erecting a barrier increases the price of Before we describe the intuition for this result, notice
the manufactured good, and it also means that a skilled irthat this outcome in ared is different from that in the
dividual has a lower productivity in producing manufac- one-area world. From Proposition 2, we know that is
tured goods. This has two effects on the utility of a skilledbig, then the new technology is blocked in the one-area
individual: one in the individual's role as consumer, theworld if A is small. In a world with integrated markets, in
other in his or her role as producer. As a consumer, an inahich the areas have formed a free-trade union, and with



a big, the new technology is not blocked (regardless of theareaB will produce the manufactured good with the old

size ofA). technology for export to are This will depress the utili-
The proof for this is as follows. We derive a contradic- ty to skilled individuals inA.
tion. Suppose a barrier is constructed in ated®y as- That skilled individuals in areB will produce the man-

sumption, there is no barrier in arBaHence, producers ufactured good with the old technology for export to area
in areaB have a comparative advantage in the productiorA can be seen as follows. Suppose to the contrary that they
of the manufactured good because they have access to tlle not export the manufactured good when there is a free-
new technology whereas producerstinlo not. Whether trade union and a consumption barrie@AinThen there is
or not ared produces all the manufactured goods for bothno trade between ardeand ared. The equilibrium allo-
areas depends on the share of manufactured goods in tbation in aredA is the same as that in the one-area case
consumer budget. The assumptior 1/2 insures that the with a barrier. The equilibrium allocation in ar&is the
share of manufactured goods in the consumer budget same as that in the one-area case witharrier. Each in-
sufficiently small so that production in ar&ds sufficient  dividual in areeB earns an income of one food unit. (Such
to accommodate the demand of the two afealsindi- individuals can use their unit labor endowment to produce
viduals in ared, therefore, produce food. Hence, the rep-one food unit ory units of the manufactured good at a
resentative skilled individual in aré@agains nothing from  price of 1¥.) Suppose instead that a skilled individual in
blocking the new technology iA. Since the act of block- B produces the manufactured good with the old technolo-
ing the new technology wastes leisure time and delivergy for export to ared\. Since, by assumptioi, < A", the
no benefit, the representative skilled individual is better offmanufactured good price iy exceeds H. (See Proposi-
when the barrier is not erected. tion 1.) Since output equasunits and price exceedsd]/
the income of a representative skilled individual exceeds
one food unit. Hence, a skilled individual B can earn

gher income by exporting. This contradicts the earlier as-
ertion that there is an equilibrium with no exports. Be-
cause of exports frorB to A and the resulting decrease in
& manufactured good pricé®. < v° for A < A" (and

a strict inequality for a range @fbelowA™), as illustrated

in Chart 2. R

Recall that in the one-area case, at the pojrikilled
individuals inA are indifferent between erecting and not
erecting the barrier. Since joining a free-trade union re-
duces the return to erecting a barrier, but has no effect on
the return to not erecting a barrier, skilled individuals are
better off without a barrier at this point. This is also true
for A just belowA. Therefore, forA in this range, con-
sumption barriers are not erected when there is a union, but
they are erected without a union. Extension of markets re-
duces barriers.
We conclude this section by discussing the claim that

PROPOSITIONA. Suppose thed >y ™. For small enough it is more difficult for trade to eliminate a consumption
r, there exists a poink O (O\), whereAis defined as in  barrier than a production barrier. To see this, we show that
Proposition 2, such that & < A, then \f,,.,> V" If A > there are conditions under which forming a free-trade
A, then ¥, < V" union with B eliminates production barriers but not con-

This result is illustrated in Chart 2. The proposition SUMPtion barriers. Assume, then, thae 1/2. Then from

states that for certain parameters the representative skilléOPOSition 3 we know that forming a union eliminates
individual is better off with a barrier than without one. This Preduction barriers. It may not eliminate consumption bar-
proposition, together with Proposition 2, implies that inte-/1€7S: From Proposition 4 (and Chart 2) we know that if
grating the markets iA with those inB will also eliminate 'S small, ther,, > V", In this case, consumption barriers
consumption barriers under certain conditions. To shov"® erected:

this, we have included in Chart 2 not only the curvgs,, Why Competition Spreads

andv", but also the curve® from Chart 1. Recall that”  If competition reduces resistance to new technology, why
is the utility of the representative skilled individual in areawould skilled groups ever agree to an extension of mar-
A under a barrier in the one-area world. As seen in Chargets, as they sometimes do? Because, sometimes, letting
2, if A <A, the skilled group imA erects a consumption goods move between areas is in the best interests of all
barrier in both the gne-area world and the union Vidth  skilled groups. Here we demonstrate that by studying the
However, ifA T (A,N), then the skilled group in are&  question in a slightly modified version of our model.
erects a consumption barrier in the one-area world but not Thus far the model has had two periods: period 1 and
in the union with area. Hence, joining the free-trade period 2. This section adds an additional period, period O,

union eliminates barriers to new technology in afe  that precedes the two periods covered in the previous anal-

Consumption Barriers
The basic result of this section is that trade between are
also eliminates consumption barriers, though this kind o
barrier is more difficult to break than a production barrier.
The reason an extension of markets places pressure o
consumption barrier in arelis that this barrier does not
preclude those individuals in arBavho are skilled in the
old technology from exporting t8 and thus diminishing
the returns to skills in areA.

In order to state our result, lef,,,, denote the return
to the representative skilled individual in ar# there is
a consumption barrier iA whenA is integrated, or in a
free-trade union, with areB. The return to the representa-
tive skilled individual inA if there is no barrier il when
Ais in a free-trade union with aré&is equal to the return
to the representative skilled individual in akseshen there
is no barrier inA in the one-area world. Recall that this re-
turn was denoted" above.

this case. o _ . ysis. In period 0, decisions are made regarding whether or
It is worthwhile discussing why;, ., < V° for A <A”  not the two areas form a free-trade union. (More on this in-

(and a strict inequality for a range dbelowA”). We will  stitution-building stage below.)

show that if there is a consumption barrierArwhen a This section also adds many manufactured goods. As

union is formed, and ik < A", then skilled individuals in  mentioned above, to show that skilled groups may agree



to an extension of markets requires introducing many manwhat the other groups do. In other words, each skilled
ufactured goods. Here is the reason why. Recall the analgroup has alominant strategy.
sis of the one-area world. Under the conditions of Proposip, yo0smoNG. Assume thak < N, 8> 9K and ris

:'Onhz' Ilf Ais émalll,(;he?hsk_llled 'ntd'v'duﬁlff resgst;gr;e ?ew small. Each skilled group has a dominant strategy to erect
fec no og¥. (;ns(; er the 'm&ac énlthjh” €S I alt a barrier. The unique equilibrium is for a barrier to be
orming a free-trade union with ar e union results ¢ ve in each industry.

in a dismantling of barriers, then skilled individualsAn
lose rents. But unskilled individuals i are better off. A proof of this result is in the Appendix. This result is
Hence, some groups gain from extending markets; sorrié@e extension of Proposition 2 to the case of multiple man-
lose. However, this need not always be the case. In parti¢factured goods. The conditié> ' is a generaliza-
ular, if there are many manufactured goods, then it is pogion of the conditior > y* in Proposition 2.

sible for all groups to be better off with a free-trade union ~ The next proposition is the key welfare result in this
than without one. The trade union case Pareto-dominategction.

the alternative of no trade union. In this case, since evenpzoposiTion?. Maintain the assumptions of the preced-
individual in the economy is better off with a free-trade j,q proposition. 119 [ (Y% ), then all skilled groups

union, we can be confident, without specifying the detailsye strictly better off with no barriers in any industry than
of the political process, that a union is set up in period Oyith parriers in every industry.
Hence, we keep the institution-building stage in the back-

ground. ~The Appendix contains the proof. This proposition
, highlights the key difference between the casek ofl
One Area With Many Manufactured Goods andk > 1. With k = 1, the interval §*%\*) specified

Before proceeding to discuss the formation of a free-tradg the proposition disappears. Wit 1, there exists a pa-
union, we need to briefly study the one-area world withrameter region in which all individuals are better off with
many manufactured goods, that is, whthr 1. We some-  ng barriers in any industry than with barriers in every in-
times refer to the different manufacturing goods as differqystry.

entindustries.Recall that in the first period, each skilled  Taken together, Propositions 6 and 7 show thatlif
groupi chooses whether or not to erect a barrgrs (k1) then the unique equilibrium involves barriers
{b,n}. Let &= (ay,a,...&) be the vector of choices made in every industry, though a situation with no barriers is
in the first period. We call this thiearrier set.In the sec-  strictly preferred by all. This situation is analogous to the
ond period, there is a competitive equilibrium given theyell-known prisoner’s dilemma. In the next section, we
barrier set selected in the first period. show that trade can be used as a device to achieve the co-
O Equilibrium in the Second Period operative outcome in which no barriers are constructed.

We begin by determining the competitive equilibrium for Tywo Areas With Trade

a given barrier sei. In order to state the following propo- e now assume that areAsindB are integrated and ask
sition about equilibrium, we need to define a critical levelyhat equilibria are possible. We assume that the two areas
of A. We denote this level by, whereA’ = k(1-0) =+ gre identical, including their resistance technologies.
[(a+k-1)B+(1-0)]. Recall that\ is the fraction of the pop-  The skilled groups in the two areas all move simultane-
ulation that is in some skilled group and thet A/kisthe  ously in period 1 when choosing to erect a barrier or not.
fraction that is in some particular industryy We can now  Each skilled group takes as given the choices of all the oth-
state er skilled groups in the two areas when making its choice.

PROPOSITIONS. Take as given some barrier set & in which For example, when choosing its actiafC {b,r}, skilled
some of the technologies have a barrier and others do nofifoup 1 in are# takes as given the aCUOBS ag, ..., acof
If A <\, the unique equilibrium is as follows. If technolo- the other skilled groups in aréeand the actionay, &, ...,
gy i has a barrier—that is, @ b—then p = 1; individ- & of the skilled groups in are. Our resullt is

uals in skilled group i completely specialize in the produc-proposiTions. Suppose that k 1 and that the barriers
tion of good i; and individuals who are not skilled in any are production barriers. If the two areas are integrated,

of the goods with a barrier also produce good i. If tech- then there exists an equilibrium in which no skilled group
nology i does not have a barrier—that is,an—then  grects a barrier.

p, = 1/y and the individuals in skilled group i have the

same consumption and utility as unskilled individuals. The proof is straightforward. Consider the problem of

i i 0 B a particular skilled group in a particular area. By symme-
This result is a generallzatlon of PrOpOSItlon 1to thetry, we can examine skilled group 1in arAaSuppose
case ok > 1. To simplify matters, for the rest of this Sec- that all other skilled groups in both areas choose not to
tion we assume that < A" (the case with the greatest in- erect a barrier. Suppose skilled group 1 in akesrects a
centive to erect barriers). barrier. It is easy to see that this barrier has no bite. In the
O] Resistance resulting competitive equilibrium, all production of good

We now discuss how the barrier set is determined. Each Will occur in areaB where there is no restriction to pro-
groupi makes its barrier choice to maximize group utility ducing good 1 with the new technology. ArBaan pro-

taking as given the barrier choices of the other groups. Aiuce enough for both areas since the good makes up less
equilibrium barrier seta; a,...a%) is a set such that* than one-half of the share of the consumer budget. (This

0 {b,r} is optimal for i given the choices of the other follows fromk > 1.) Hence, the barrier does not raise the
groups. This is the standard Nash equilibrium conceptncomes of skilled individuals in aret Butimposing this

Determining the Nash equilibrium is easy whes A’ be-  Darrier requires that group 1 give up some leisure time.
cause the optimal strategy of each group is independent dihis barrier thus entails costs but delivers no benefits.



Hence, skilled group 1 in areawill strictly prefer notto  the new methods were adopted in the United States be-
erect a barrier. Analogously, all other groups strictly prefercause resistance was less in the United States than in Eu-
not to erect barriers. Hence, it is a Nash equilibrium forrope—because the United States was more open to trade
there to be no barriers. competition with Japan than was Eurdgde.order to de-

We can now state the main result of this section: fend this interpretation, we need to document two things:

f first, that the United States was more open to competition
and, second, that this led to less resistance to the new
methods.

The claim that the U.S. automobile market is more
open than Europe’s is fairly easy to substantiate. Japanese-
produced cars have penetrated the U.S. market to a sub-
stantial degree as compared to the European market. The

We should point out that there can exist multiple equi-accompanying table presents evidence on this point. In
libria in the free-trade union case. For example, under th@992, about 1.58 million automobiles were produced in
assumptions of Proposition 9, there also exists an equilip3apan and then exported to the United Staegorts of
rium of the union case in which all skilled groups erectJapanese-produced cars to the United States accounted for
barriers. Note, however, that everyone is better off in thenearly 20 percent of car sales in the United States in 1992.
no-barrier equilibrium than in the barrier equilibrium. Itis  This can be contrasted with the shares of Japanese-pro-
reasonable to expect that the Pareto-superior no-barrigiiced cars exported to the markets of European countries.
equilibrium will be selected instead of the Pareto-inferiorThe table groups the European countries into those coun-
barrier equilibrium. tries that have automobile industries producing over 1 mil-

lion cars and those countries that have small or nonexistent
industries. The Japanese share of the market in auto-pro-
gducing European countries is quite small relative to the

In this section, we present a few brief industry case stu 3 h fthe US ket F e in Ital
ies in which the extent of the market for a good explainsJaPanese share of the U.S. market. For example, in [taly,
the share is only 0.1 percent; in France, it is still quite

in large part, we think, the extent to which new ways of . .
ge p y mall at 2.9 percent. However, in the countries of Europe

producing the good are resisted. We use the theory devet! h | i he J K
oped so far to examine episodes of technological change Hfithout a large industry to protect, the Japanese market

three industries: the advent of lean production in the worlN2"€ is huge. In Norway, it is actually 50 percent. This

automobile industry, the introduction of a growth hormonetable suggests that Japanese cars are superior to European-

in the U.S. dairy industry, and a discovery about the Spacproduced cars since when consumers have a choice be-
Al | tween the two (because there is no domestic industry to

ing of wall studs in the U.S. construction industry. These hev buv J e infer that th
three episodes present an interesting mix in the sense tH3PtECY), they buy Japanese calie can infer that there

in the construction industry, because of the nature of thaust be substantial barriers to the inflow of Japanese cars

good, the extent of the market is narrow: in the auto ini" SPan, France, and Italy—and, for that matter, even the

dustry, the extent of the market has been narrowed by popnitﬁd Kingd%mh{and Ggrmaﬁy. 1 def . del
icy; and in the dairy industry, the extent of the market is, 1€ Second thing to document in defense of our mode

PROPOSITION9. Maintain the parameter assumptions o
Proposition 6. If there is no free-trade union, then the
unique equilibrium is for a barrier to be erected in every
industry. With a union, there exists an equilibrium with no
barriers. All individuals are strictly better off with the
union than without it.

Examples of How Competition
Reduces Resistance

t interpretation of this industry is that there was less resis-
great! . - ;

' tance to the new lean production methods in the United
Lean Production of Cars o States than in Europe. We discuss two issues related to
Let's start with the world automobile industry. this. First, we show that the new methods have been more

A rough outline of some of the major technological rapidly adopted in the United States than in Europe. Then
changes in this industry over the past 20 years or so is age present some discussion that the reason has something
follows. Beginning over 30 years ago, a new approach t@o do with less resistance in the United States.
producing cars was taking shape in Japan. These new It is now conventional wisdom that the U.S. automo-
methods revolutionized the production of automobilesbile industry has undergone a major transformation. The
Womack, Jones, and Roos (1991) describe the features @word renaissancés often used to describe the changes in
this production technology and call ltan production. the U.S. automobile industry. A substantial portion of the
They, and others, document that large gains in productiviears produced in the United States (25 percent in 1992)
ty follow from adopting the new technology. The responseare made in Japanese transplant factories using the latest
to these new methods by automobile makers has differegchnology. In addition, Ford and Chrysler, and to a lesser
widely around the world. For example, the new methodsextent General Motors, have made great strides in adopt-
are now widely employed in the United States. In contrasting the new methods in their factories. This is the conclu-
European car makers have lagged behind their U.S. congion of the MIT International Motor Vehicle Program, a
petitors in adopting these Japanese methods. five-year, $5 million research project on the automobile

Why has the experience in the United States been difindustry that culminated with the publication of the influ-
ferent from that in Europe? We give an interpretation inential book, The machine that changed the world: The
terms of the model. Then we spend the rest of the sectiostory of lean productionby Womack, Jones, and Roos
defending the interpretation. (1991). For example, they write (pp. 86—87) that

In terms of the model, we think of Japan as aBea

More precisely, we think of Japan as aBsahen the new Average American performance—under unrelenting pressure

. ) . from the Japanese transplants in North America—has im-
technology (lean production) is freely availableBnWe proved dramatically, partly by closing the worst plants, such

imagine the United States as arearin the case whera as Framingham, and partly by adopting lean production tech-
is integrated witlB. We take Europe to be aréain the niques at ?,thers'_ parflyby acopiingfeanp
case where there is no integration. With this interpretation,



After a long battle, the hormone was finally approved
y the FDA. Commercial use began in the United States

early 1994. The efforts in individual states to enact laws
Hrohibiting the use of the hormone have also failed. We
use the model to offer an interpretation of why states have
r1;%1iled to enact such laws.

They note that the productivity level and output quality of
Ford plants in the United States are now equal to those 9
the Japanese transplants in the United States.

But there is no talk of a renaissance of the Europea
auto industry. At this point, only a small fraction of pro-

duction (1.3 percent in 1992) is by Japanese transpla In terms of the model, we think of aredsindB as cor-

. 10 . .
firms. ™ And the production by the six volume producers responding to states in the United States. We imagine the

Hgg’l“)peé%a;ﬁmﬂ tg%';‘%%xn;agk’ gg&fggtaﬂisgg odel situation in which there are no restrictions on trade
» P- PE€, Dy ’ etween aread andB. This is because the Constitution

yet begun to close the competitive gap.” A recent repo f the United States has been inter ;
, X preted in such a way as
prepared by the McKinsey Global Institute (1993a) make% prohibit the states from interfering with interstate trade.

the same point. It estimates that labor productivity in Ger-" i i a1 states ultimately did not enact laws prohibit-
man auto plants is only 66 percent of that in U.S. autg

lants ing the use of this new technology in the state because in-
P Reéistance to lean production in Europe has often COmterstate trade reduced the incentive for interest groups with-
P P 1 a state to lobby the state legislature to pass such laws.

o o O XD sUppose il i Wsconsilegslarepassed
P J law which blocked Wisconsin dairy farmers from using

are hallmarks of the Japanese production organization, aQHe new technology. If other states did not block the new

g‘eegnh:;géri;dpgmﬂigtr?igoﬁfai?sid (stg;kéglﬁr?eg?zzzae’letgchnology, then imports of low-priced milk produced with
ida 1993, p. 315.) Unions have resisted the closure of ou he new technology would flow into Wisconsin. In addi-

. ' ion, Wisconsin would no longer be competitive in export-
dated factories and layoffs. In the face of the resistance tl?]g milk to other states. H enc?e, this law 5vould not bgnefit

Isyor;f(s),\/i\r/]olktsgvgg%nuf dznevn\:g::(r\]lgefkb%ﬂgogicgr%?#d%%\ﬁsconsin dairy farmers. Suppose instead that the Wiscon-
Y 9 y : 9 in law banned consumption of milk produced with the

Daniel Jones (one of the authors o,f the MIT study c_ite ew technology, but did not ban production, and suppose
above), in reference to Volkswagen's German operationgy, i \visconsin is the only state with such a law. Wiscon-
You cannot manage 50,000 pecple at one site in a Ieagin dairy farmers would be free to use the new technology

Waéuﬁgggitso&agrlg?kgssiétﬁ%i’ t?é(-:?r?)lless severe in tfc(%r export to other markets. As discussed earlier, in such
United States than in Eurone? One piece of evidence IEisituation, there would be an incentive for old-technology

i =Urope: P roducers in other areas to export milk made without the
the response in the United States and Europe to the thr

i wth hormone to the area with the ban, and this would
of Japanese transplants. Both unions and managementI

domestic automobile firms have tried to block the estabi-n \',tvltgfoggir:]em of the policy to the old-technology firms
lishment of Japanese transplant factories within their own In sum, the bovine growth hormone case is an excel-

countries. They have done this by arguing that production, ., o, 2 y1hle of how the ability to trade between areas can
by transplant factories should be counted as imports an ;
X , . duce barriers to new technology.

subject to the import quotas imposed on the Japanese. Pro-
ponents of such a policy have never made any headway iWore Room for Wall Studs
the United States, but this policy was actually adopted byinally, let's look at an advance in the U.S. construction
the European Uniot. industry.

Because of advances in science, construction engineers
gave realized that safety does not require wall studs to be
a recent major change in the U.S. dairy industry. s close together as had been thought. Placing wall studs

A rough outline of the facts is as follows. Some years(in non-load-bearing partitions) every 24 inches s just as

a00. the Monsanto Company aenetically enaineered b safe as the old standard distance, every 16 inches. The
90, pany g y eng Y%omes with 24-inch placement are clearly not identical to

vine somatotropin, a naturally occurring hormone in cowsth ose with 16-inch placement, but regarding the ability of

When this hormone is injected into cows, milk prOOIUCtICmthe home to bear stress and weight, a national commission

increases in the range of from 10 to 15 percent (Mariorf, i ; .
ported, “Experts agree tha . [spacing] every 24 inches
f;]r:ad m”nio%}?agogby:;gmgrlzuisogaevi O%e]zsrig gﬁhfig ould be just as safe. There seems to be no . . . scientific
' - p'e, PP X © NWata to refute these facts” (National Commission on Urban
technology have raised the issue of a health risk to jUStIf)f:)robI ems 1968, p. 258)
a ban of the new technology. Using 24-inch placement saves on labor costs and re-

mgﬂémz\%nggguﬁt:ée; S;ingﬁéiézgglcgggitg;gvl\gce?srgﬁces materials costs by 33 percent. Moreovetr, the cost of
'\ 'adopting the method is zero. It simply entails reducing re-

the federal level, the Food and Drug Administration (FDA) dundancies in the previous method. Yet in many U.S

e e o I oo, 10 nch placement contes. Why? We ghean -
erpretation in terms of the model.

:cg?[gg]%gfkfrip\hgvt\,ttr;iﬁv;?f '?g\\//édtl; 6|1<Iesr§ar:$asr’1 thf?)r?:}_s We think of areas\ andB as corresponding to differ-
y Y ent towns in the United States. Since housing services are

Olge_Ertrgt_utsfgn'gcyzgtgr};v?g?h\;\fss?ﬁ]nls'nt;;gr ?égumc'_a good that cannot be traded, we imagine the model situa-
Eon with th:aynew technolo Py P tion in which the markets ofA andB are not integrated.
9y- Given this situation, we expect that resistance to the new

methods may be high in a given area. Moreover, if one ar-

A Growth Hormone for Cows
We next use the model to interpret the events surroundin



ea fails to block the new methods, we do not expect thatVe hope this article has taken some small steps toward un-
this will put pressure on other areas to change their buildelerstanding and solving that problem.
ing codes.
That it is resistance to new technology that blocks 24- )
inch placement in some towns is supported by the worlAppendIX
of Oster and Quigley (1977). They find that 24-inch place-
ment is not used in some towns because local buildin o
codes prohibit its use. Moreover, they find evidence tha roofs of PFODOSItIOHS 21 6, and 7
such restrictions are the work of building trade unions whaHere we develop the proofs for several propositions discussed
believe, presumably, that 24-inch placement will mearin the preceding paper.

fewer jobs. Proof of Proposition 2
Concluding Comments PROPOSITION2. Suppose tha® > y*. For small enough T,

We conclude with three comments, the first about relateépre].:e i’;i\StS}\a pk?irit\E (V' \"), such that itk <A, then ¥ >V,

literature, the next about the model, and the last about fl¥™'€ 1A > A, then v < v-.

ture research. Proof. The first step in the proof is to compare the skilled-indi-
When we showed that competition reduces resistancéid”a! utility with and without a technology barrier for the case

we studied resistance to ngechnologyand how the ex- " WhichA <A . .

tension of markets, or the freer movement of goods be: Under the barrier, the price of the manufactured gopdlis

1 for such\, and this implies that the income of skilled individ-

tween areas, influences this activity. To show this, we exj5is jsg units of food. (Recall that a skilled individual produces

ogenously joined areto areaB and examined the con- g ynits of the manufactured good.) Given the Cobb-Douglas

sequences on technology adoption in ae&his thought  form for u(x,y), the share of income spent on foodiignd the

experiment is similar to that performed by Adam Smithshare spent on the manufactured godglis1 — o. Hence, the

when he argued that extending markets would result ironsumption levels for a skilled individual agg= 08 andyf, =

greater division of labor. (1—0()91"’h = (1-u)6. The equilibrium utility level is, therefore,
This analysis is not to be confused with research that ) . e

examines resistancettade for example, modelsinwhich (A1) V> = {(a8)*[(1-c)8] "} h(1-)].

groups lobby for tariffs and the like. (See, for example,

Magee, Brock, and Young 1989 and Grossman and I-_|e|d§ll must allocate units of leisure time to resistance activities in

man 1994.) Our analysis where we showed that skilleghs case.

groups might agree to join a free-trade union is related t0 | the no-barrier case, the pricep? = 14 and income is

that research. one unit of food. This implies consumption levels®f a and

It is worth mentioning that it is really the threat of y" = (1-a)y. Equilibrium utility is
goods moving between areas that leads to reductions in re-
sistance activities. Goods themselves do not have to movéA2)  v" = {a®[(1-a)y]* “} h(D)].
For example, suppose that in the model above, Arsa - _ o
integrated with areB, but there is no movement of goods Note that the utility in the no-barrier case is independerit. of
between the areas. It does not follow that because the voNote aiso that the utility of a skilled individual is the same as the
ume of trade is zero, closing the areas off from each oth L}tmty of an unskilled individual. This follows because the old

. . ! - : . etechnology is not used.

W!" ha\{e no impact on the economies. In f_act, this action For the case ok < A, the ratio of utilities in the two cases
will typically lead to increased resistance in aearhe
point, then, is that the volume of trade may not be a good
indicator of the role trade is playing in producing wealth. (A3) A" = [B][h(1-1))/h(2).
So, for example, the increase in tariffs during the 1930s
may have played an important role in the Great Depresthe first term on the right side of equation (A3) is greater than
sion even though trade volume before the tariff increased by assumption. The second term is less than 1. However, it is
accounted for only about 5 percent of outpu. arbitrarily close to 1 for small enough Hence, V" > v" for

Finally, a word about future research. The very largeSmall enough, as claimed. . . .
differences in income per capita across countries are well Nﬁxp suppose that = A". In this case, with the barrier, the
known and well documented. (See, for example, Paren@qw ibrium price isp® = 1/8 and the equilibrium income is one

) . nit of food. Without a barrier, the income is the same, at one
and Prescott 1993.) We think that these large differencegyt of food, but the price of manufactured goods is lower, at

are due in large part to differences in the technologies tha§" = 1, Hence, the utility from goods consumption is strictly
are employed in the countries. One hypothesis for the difhigher without a barrier. Since the utility of leisure is also high-
ference in technology use is that the extent of markets difer without a barrier [§(1) > h(1-r)], overall utility is also high-
fers across these countries (because of, for example, dir; v" > v*, as claimed. QED.
ferences in tariff policy and di_fferences in transportationp, ¢ ¢ Proposition 6
infrastructure) and, hence, resistance to new technology g oposiTions. Assume thak < A", 8 > Y% and r is small.
well. (For a different theory of resistance to new technolo£ach skilled group has a dominant strategy to erect a barrier.
gy, see Krusell and Rios-Rull 1992. For another interestThe unique equilibrium is for a barrier to be erected in each in-
ing model explaining differences in technology use, seelustry.
Romer 1994.) Ultimately, then, we hope that this line of proof. We need to show it is a dominant strategy for each skilled
inquiry contributes to the literature on the “problem of eco-group to erect a new technology barrier. By symmetry, it is suf-
nomic development” (Lucas 1988; Mankiw, Romer, andficient to consider the choice of skilled group 1.
Weil 1992; Schmitz 1993; and Parente and Prescott 1994). Suppose this skilled group takes as given that iof indus-
tries 2 throughk there are barriers and ko— m — 1 of indus-

ote that the utility from leisure is(1-r) because the individu-



tries 2 througtk there are no barriers. (By symmetry, it doesn’t  *This article grew out of discussions with Ed Green, Stephen Parente, and Ed
maitter which of the industries are in the two groups.) Prescott. For extensive comments on a previous draft, the authors thank Patrick Kehoe
Let v?(m) denote the utility of a person in skilled group 1 and Pete Klenow. Finally, they thank the |_'eferees, Rao Aiyagari and Ed_ Greer.m
. . P . 1The authors are also research associates at the Center for Economic Studies at the
when there is a barrier to new technology in industry 1 given s census Bureau.
Under the_assumptld\_] <A, PI:OpOSItIOﬂ 5 says that the price !Because of the linearity of the production function, there may exist multiple equi-
of good 1 isp, = 1, as is the price of the othermanufactured libria regarding the allocation of production tasks. We can assume that the representa-
goods with a barrier. The price of the remaining m-1 man- tive inc!ividual of a given skill Ievgl produce; the average of thg set of individual; of
factured goods with no barrier iS\/_LfI'he income of an indi- that skill IeveI._Be_cz_:luse qf the strict concavity of the u_tlllty fun_c_tlo_n, the consumption
U. actu . g_ g . bundle for an individual is the same across any multiple equilibria that exist.
Y'dual in skilled group 1i® _UnItS of food. Th_e food cons_ump— 2We have not worked out the casecok 1/2. Calculating equilibrium in the inte-
tion of such an individual ix = a®. (The price of food is 1, grated world given a barrier in aréeand no barrier in are is somewhat complex

i i i in this case. Ifa is small, then are® consumes most of the manufacturing goods it
anda is the share of income Spent on fOOd') Consumptlon OIIproduces. This limits the pressure on the skilled groufs from exports fronB. But

manUfa.CturEd goods with a barrier}8, wheref = .(1_(1)/ k. whena is small, there is little incentive to erect barriers in the one-area world. (See
(The price of such a good is 1, and the share of income speirtoposition 2.) Hence, whemis small, trade is less powerful in eliminating barriers,
ona particular manufactured 900d3i35 Consumption of manu- but these barriers are less likely to be there in the first place.

i i ; 3Note that fork = 1, the formula foi\' in this section reduces to that defined earli-
factured gOOdS without a barrier ﬁS/e (The price of such a er. Because we like to think ¢fas being large, it is worth noting thatis bounded

gOOd is 11/) The Uti"ty of an individual in skilled group 1 iS, above zero and monotonically declines tod) > 0 ask goes to infinity.

therefore, “We should note that a number of recent studies have shown a close relationship
between the degree of international competition faced by an industry in a country and
b — o 1) k=m-1] that industry’s productivity growth in that country. Notable examples are the studies b
(Ad)  VR(m) = [(@B)*(B6) ™ P(Bye) ™ ] h(1-)]. Zob Vo i P Y

McKinsey Global Institute (1993a,b).
n - . . SPart of this interpretation is not new. Many observers of this industry attribute the
Let vi(m) denote the utility of a person in skilled group 1 more rapid diffusion of lean production in the United States to the U.S. market being
when there is no barrier to new technology in industry 1 andnore opentoimports from Japan thanis the European market. The McKinsey (1993a,b)

whenm other industries have erected barriers &ndm — 1 studies, the Womack, Jones, and Roos (1991) project, and many other people argue that
the fact that the U.S. market was open to imports forced the domestic industry to re-

ha\_/e not. V\'thUt a barrier: the price of gOOd 1p.lS: 1/y . Structure and adopt the new techniques. What these observers have not done is discuss
while the prices of the other goods are the same as describécw the trade regime may affect the resistance activities of groups.

above. The income of an individual in skilled group 1 falls to 1. 6This figure does not include the approximately 1.4 million cars produced in the

) i : i H ; United States by Japanese transplant factories such as the Toyota plant in Kentucky and
That person's consumption of food in this case #sa. His or the Honda plants in Ohio. The figure does include the 143 thousand cars produced in

her consumption of then manufactured gOOdS with a barrier is Japan in 1992 and sold under Chrysler and General Motors nameplates.

B, and his or her consumption of tke- mgoods without a bar- "We use new-car registrations in 1992 as our measure of car sales in the table be-
rier (including good 1) if3y. The utility of an individual in cause this number is available for all of the countries listed in the table and the number
skilled group 1 in this case is of actual car sales in 1992 is not available for all of the countries. The two numbers are

close. For example, the number of actual car sales in the United States in 1992 was
e (kem)p about 8.21 million compared to new-car registrations of about 8.06 million.
n —_ 0] —m)
(A5) Vl(m) = [a®(B)™(BY) 1[h(2)]. 80n this point, it is worth noting that in the U.S. market where the Japanese and
European firms are on an equal footing, the Japanese have huge sales while the Euro-
The ratio of the utilities of an individual in skilled group 1 Peans have virtually no sales, except in the small, high-end luxury-car market.

o} . i
: : : P The U.S. market is by no means completely open to competition. The so-called
when there is a barrier and when there is no barrier is voluntary export restraint agreements with Japan are a notable example of a U.S. trade

barrier.

(A6)  VEmMVIM) = (BYA)[h(L-1)]/h(L). 10The number of cars built by Japanese firms in Europe will increase since a num-
ber of transplant factories are being built there.

Note that in this ratio there are no terms involv'nngthe num- UThe European Union later abandoned this policy. There are now no limits on the

ber of other skilled groups that erect barriers. Hence. whether d)rroduction of Japanese cars in Europe, and transplant production is expanding there.

notve(m) > vi(m) (that is, whether or not the ratio (A6) is greater

than 1) does not depend on the actions of the other skilleReferen
groups. Recall tha = (1-a)/k; if 8 >y and ifr is small, elerences
then skilled group 1 chooses to erect a barrier, as claimed.
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Charts 1 and 2
When Will New Technology Be Resisted?

Equilibrium Utility of Skilled Workers as a Function
of the Fraction of the Population Skilled

Chart 1 In a World With One Area . ..

utity 4
(v)

No Barrier
v

Barrier
(v")

Fraction of

Population
Skilled (\)
Chart2 ... And With Two Areas
(Under a Consumption Barrier)
Utiity 4
(v)
Barrier With Free-Trade Union
(Vuniun)
Barrier With One Area
I
i No Barrier
} v"
! | |
| | |
| | |
| | |
X X A X 1 Fraction of
Population

Skilled (1)




Which Areas Are More Open to Competition?
The U.S. and European Automobile Markets in 1992

Thousands of New Cars

Japanese
Imported Imports as a %
Country Produced  Registered  From Japan of Registrations
United States 5,665 8,057 1,584 19.7
European Countries
With a Large Auto Industry
Germany 4,864 3,930 452 115
France 3,320 2,106 61 2.9
Spain 1,799 985 36 3.7
Italy 1,477 2,257 3 N
United Kingdom 1,292 1,594 153 96
Without a Large Auto Industry
Sweden 294 154 36 23.4
Belgium 268 466 126 27.0
Netherlands 94 494 17 237
Austria 15 320 101 316
Denmark 0 85 36 424
Ireland 0 68 28 4.2
Norway 0 60 30 50.0
Switzerland 0 286 87 304
Finland 0 68 25 36.8

Source: Ward's Automotive Yearbook, 1993




