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Information, International Substitutability, and Globalization 

By JAMES E. RAUCH AND VITOR TRINDADE* 

Improved information allows home firms to rule out more potential foreign trade 
partners in advance of attempting to form a match. The increased responsiveness to 
country wage or goods price differentials resulting from this better first cut causes 
the general-equilibrium elasticity of substitution between national labor forces or 
the Armington elasticity of substitution between domestic and imported output to 
increase. Further results include an increase in the elasticity of domestic labor 
demand, an increase in the extent to which reductions in conventional trade barriers 
equalize national wages, and reduced "natural protection" for domestic producers. 
(JEL F10, F16) 

The 1990's may be remembered as the de- 
cade "the information economy" came of age in 
the United States. As new information technol- 
ogy diffuses and is absorbed more deeply in the 
rest of the world, what changes should we be 
looking for in global economic interactions? 

One channel through which the Internet is 
affecting the international economy is facilita- 
tion of search by producers for foreign distrib- 
utors of their consumer goods, by assemblers 
for foreign suppliers of their components, by 
investing firms for foreign partners in their joint 
ventures, and so on.1 For example, the World 
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1 The Internet may not displace, and may even enhance, 
more traditional sources of information that are used for this 
kind of search. Rauch and Trindade (2000, Table 1) docu- 
ment a sharp acceleration in the 1990's of the growth of 
periodicals and newsletters devoted to international trade 
and commerce, many of which are disseminated through the 
Internet. Scholars are beginning to quantify the impact of 

Trade Centers Association (WTCA), an organi- 
zation whose "purpose ... is to have information 
available to businesses in a timely and coordi- 
nated manner," now links all of its more than 
300 Centers located in over 100 countries 
through WTCA On-Line. The Trade Services 
departments of these Centers sift through the 
trade and investment leads posted online to find 
the ones that best match the needs of their 
member clients. The American Importers Asso- 
ciation, representing 14,000 U.S. importers and 
wholesalers, advises all potential suppliers that 
"it is absolutely necessary for your company to 
have a web site" and lists "the important items 
you should include on your web site to get the 
American importers' attention." This is the 
source of information to which their members 
will turn first.2 

As Internet connections spread and the qual- 
ity of web sites improves, firms searching for 

various information sources on international economic ex- 
change. Richard Portes and Helene Rey (1999) find that 
bilateral telephone traffic and bank subsidiaries are major 
determinants of bilateral trade and investment and that their 
inclusion sharply reduces the distance effect in gravity 
equations. Alessandro Nicita and Marcelo Olarreaga (2000) 
find that exports of Egypt, Korea, Malaysia, and Tunisia to 
the United States in the current year generate exports to 
third countries in the following year that are predicted by 
the third countries' bilateral newspaper trade with the 
United States. 

2 The information in this paragraph is based on the organiza- 
tions' web sites (www.wtca.org and www.americanimporters. 
org) and on interviews with Trade Services staff at the San 
Diego World Trade Center. 
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suitable foreign trade and investment partners 
will be able to make ever better "first cuts" 
before arranging meetings and trying to work 
out deals. In making its choice of whether to 
conclude a deal with some foreign partner or 
return to the domestic market, a firm must con- 
sider the quality of its match with the foreign 
partner in addition to the conventional gains 
from trade generated by cost differentials and 
conventional barriers to trade such as trade 
taxes. As the difference between foreign and 
domestic match quality narrows with improving 
information, the relative influence of cost dif- 
ferentials and trade taxes on firm decisions 
grows. In other words, decisions by firms 
whether to demand domestic or foreign goods 
and (indirectly) demand domestic or foreign 
factors of production will become more re- 
sponsive to cost differentials and trade taxes as 
information improves. Focusing on cost differ- 
entials, we can predict that the elasticity of 
substitution between domestic and foreign 
goods or between domestic and foreign factors 
will increase with better first-cut quality. 

In this paper we will concentrate on the gen- 
eral-equilibrium elasticity of substitution, the 
reciprocal of which is computed by varying the 
domestic endowment of a factor of production 
(labor) relative to the foreign endowment and 
observing the change in the foreign factor price 
(wage) relative to the domestic factor price. 
This allows us to stay as close as possible to 
conventional general-equilibrium trade models 
and to analyze the key issue of international 
labor market integration. In a penultimate sec- 
tion, however, we will also analyze the partial- 
equilibrium elasticity of substitution computed 
by varying the price of foreign relative to do- 
mestic goods and observing the change in the 
demand for domestic relative to foreign output. 

As a direct consequence of the increased gen- 
eral-equilibrium elasticity of substitution be- 
tween national labor forces, national labor 
markets become more integrated in the sense 
that an increase in one country's labor supply 
has more nearly equal proportionate effects on 
its wages and those in its trading partner. Wages 
in the two countries therefore tend to move 
together more as information improves. A sep- 
arate result is that the extent to which reduction 
of ad valorem trade taxes or "ice" transport 
costs equalizes relative national wages in- 

creases. Since the volume of trade is increasing 
in first-cut quality, trade tax changes have a 
greater impact on wages when the initial volume 
of trade is greater, all else equal. As information 
becomes "perfect," the general-equilibrium elas- 
ticity of substitution becomes infinite, and our 
results on integration and trade liberalization con- 
verge to those of both the 2 X 2 Heckscher-Ohlin- 
Samuelson model and the standard one-good, 
two-factor model of trade in factor services that 
our model generalizes. 

In the next section we present our simple 
general-equilibrium model. In Section II we 
solve the model and work out its basic compar- 
ative statics. Section III contains our results on 
improved information and labor market integra- 
tion, and Section IV examines the interaction 
between improved information and ad valorem 
trade barriers. In Section V we adapt our model 
to analyze the Armington elasticity of substitu- 
tion between domestic production and imports 
that plays such an important role in applied 
general-equilibrium trade models and in inter- 
national macroeconomics. In our concluding 
section we discuss the implications of our 
results. 

I. The Model 

We investigate the potential impact of im- 
proved first-cut quality using the standard one- 
good, two-factor, two-country model of trade in 
factor services, augmented by introduction of a 
matching problem between entrepreneur-firms 
("producers").3 Wage differentials guide pro- 
ducers in the labor-scarce country to seek 
matches in the labor-abundant country, such as 
joint venture partners who know how to adapt 
the industry technology to local conditions or 
land developers of sites with access to the ap- 

3 Since we have no reason to expect improved informa- 
tion to affect the pattern of trade in commodities any dif- 
ferently than reductions in conventional trade barriers (Alan 
V. Deardorff, 2001), we can avail ourselves of the simplic- 
ity of this model relative to the two-good (Heckscher-Ohlin- 
Samuelson) model. The use of the one-good model to 
analyze the impact of trade barriers dates back at least to 
Gary S. Becker (1957) and G. D. A. MacDougall (1960). 
Rauch and Trindade (2000, Sec. II) show that the one- and 
two-good models have the same qualitative properties rel- 
evant for our results, which are therefore not driven by use 
of the simpler model. 
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propriate mixes of nontraded inputs. Improved 
information allows producers to rule out more 
firms and sites in advance. The model devel- 
oped in this section has also proven useful (with 
some adaptation) in understanding the evidence, 
surveyed in Rauch (2001, Sec. 4), that transna- 
tional information-sharing networks promote 
trade (Rauch and Alessandra Casella, 2003). 

A. Endowments and Technology 

The world is composed of two countries, 
home and foreign. In each country, there is a 
continuum of types of producers distributed 
over a circle of unit length.4 For each type, there 
is a continuum of producers of unit mass. The 
producers can therefore be said to lie on a "unit 
cylinder." Each country is also endowed with a 
homogeneous, inelastically supplied mass of in- 
ternationally immobile labor. Since there is an 
equal mass, one, of producers in both countries, 
the ratio of labor-producer endowment ratios 
across countries can be summarized by the ratio 
L/L*, where L is the home labor endowment 
and L* is the foreign labor endowment. In all 
that follows, asterisks will be used to indicate 
foreign variables. We assume that the foreign 
country is the labor-abundant country, so that 
L/L* < 1. 

Output is generated through a joint venture of 
two producers, and the distance between their 
types on the circle is an index of their comple- 
mentarity or the gains from trade that result 
from their matching. To actively engage in pro- 
duction, a partnership needs to hire labor; thus 
output is a function of the quality of the pro- 
ducers' match and the labor employed: 

(1) yij = F(x, zij), 

where Ziy is the shortest arc distance between the 
two producers of types i and j, and x is labor. 
Note that the maximum value of zij is V2. The 
function F is characterized by constant returns 
to scale. 

Producers want to maximize profits. They 
take the wage rate w as given. With a constant 

4The use of a circle of types in international trade 
models was popularized by Elhanan Helpman (1981). The 
continuum assumption facilitates comparative static analy- 
sis, just as in Rudiger Dornbusch et al. (1977). 

returns to scale production function, total profits 
from the match of types i and j can be written 
as: 

(2) Ilj = zijr(w), 

where the function 7r(w) is decreasing and con- 
vex in w. For ease of later proofs, let us also 
assume that wr(w) is a constant elasticity func- 
tion (as would be the case, for example, if the 
technology were Cobb-Douglas). The labor de- 
mand generated by a partnership is given by: 

(3) 

where the prime sign indicates the first 
derivative. 

B. Domestic and International Matching 

The timing of the model is the following. 
First, home country producers travel to the for- 
eign country, where foreign producers await 
them. Each home producer meets with one and 
only one potential foreign partner. Next, the 
type of one's partner is revealed,5 successful 
matches are confirmed and unsuccessful ones 
are broken. Finally, home and foreign producers 
who have rejected their international matches 
establish domestic partnerships with other home 
and foreign producers, respectively, whose in- 
ternational matches were also unsuccessful. The 
home and foreign labor markets clear when all 
demands for labor, from domestic and interna- 
tional ventures, are received. 

Given the model timing, we must find the 
outcome of domestic matching before we can 
solve for the results of international matching. 
Domestic matching proceeds as follows. Each 
producer selects a partner. If his choice does not 
select him, he gets zero. If his choice does select 
him, the two producers form a match and bar- 
gain over the surplus. If the bargaining breaks 
down, both producers get zero. Hence the sur- 
plus equals the total value of the match. We use 
the Nash bargaining solution, so any pair of 
producers that forms a match will divide the 

S We shall see shortly that the threat point in interna- 
tional bargaining is the same for all types within a country, 
so it is not clear that anything could be gained by misrep- 
resenting one's type if this were possible. 
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1/2 -k/2 

Zi 

1/2 -k/2 

- ?------ unsuccessful matches 

...................... successful matches 

FIGURE 1. INTERNATIONAL MATCHING: DISTANCES 
BETWEEN HOME PRODUCER i AND FOREIGN PRODUCER j 

total match value equally between them. We 
assume that every producer knows at least the 
domestic location of his best match type. In this 
case it seems natural to focus on the efficient 
equilibrium in which each producer selects the 
producer opposite him on the circle (and at the 
same height on the cylinder). This is an equi- 
librium since no producer has an incentive to 
change his behavior after he has chosen and 
been chosen by his perfect complement. In this 
equilibrium zij = 1/2 for every partnership. Do- 
mestic partnerships are assumed to have access 
to domestic labor only. Since each producer re- 
ceives half of the profits, a home producer form- 
ing a domestic partnership earns (1/2) (V2)tr(w) = 

7r(w)/4. Similarly, a foreign producer forming a 
domestic partnership earns 7r(w*)/4. 

We now turn to international matching. We 
assume that travel of home country producers to 
the foreign country is costless, and hence only 
consider equilibria in which all home country 
producers attempt the foreign market. Each 
home country producer draws a potential for- 
eign partner from a distribution over the circle 
of types that is uniform with support of length 
k E (0, 1] and has its median at the producer's 
opposite type (see Figure 1).6 k thus serves as 

6 This is consistent in the aggregate due to the symmetry 
of the circle and uniform distribution of home and foreign 
producers over types. 

an index of first-cut quality, with home produc- 
ers effectively able to rule out the worst 
100(1 - k) percent of foreign types in ad- 
vance: decreasing k measures improved infor- 
mation. International partnerships differ from 
domestic partnerships in two ways. First, an 
international partnership has the option to locate 
its operation in either country and can therefore 
have access to the labor force of either country. 
Second, the producer that manages the interna- 
tional joint venture from abroad loses a fraction 
t or t* E (0, 1) of his profits. This reflects the 
transportation costs and trade taxes incurred 
when repatriating profits in terms of the nu- 
meraire good. Inclusion of trade taxes means 
that t or t* can be varied by unilateral govern- 
ment action, which will allow us to use our 
model to analyze the impact of a government 
decision to (partially) liberalize or to further re- 
strict trade.7 

C. International Bargaining 

If both domestic markets are active, the threat 
points in international bargaining of every home 
and every foreign producer are ir(w)/4 and 
,r(w*)/4, respectively, where w and w* are the 
international trade equilibrium wages.8 It is then 
easy to see that partners in any confirmed inter- 
national match will choose to locate their oper- 
ation and employ labor in the low-wage 
country, even if the partner in the low-wage 
country would have lost a smaller fraction of his 
profits upon repatriation from the high-wage 

7 Just as in conventional trade models, the "melting ice" 
model of transportation costs is nothing more than a con- 
venient simplification and "transportation costs" is an elas- 
tic concept that might include expenses of managing an 
operation in another country other than the cost of trans- 
porting goods. Our results are invariant to the division of the 
lost profits between tax revenue collected by the govern- 
ment and "melting" that is lost to society. (This division 
would become an issue if we were to analyze welfare.) 

8 Uniformly distributed, atomless producers and the 
symmetry of the position of every producer on the circle 
ensure that the height of the remaining cylinder of producers 
in each country is the same for every type and thus domes- 
tically every producer can still match with his opposite type. 
The assumption that both domestic markets are active rules 
out self-confirming equilibria in which all producers antic- 
ipate that all other producers will confirm their international 
matches regardless of quality, leaving no domestic partners 
available. 
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country (due to lower trade taxes, for example). 
If the operation were located in the high-wage 
country, the partner from the low-wage country 
would have to receive more than half of the 
profits from the partnership to do as well as with 
a domestic partner, but then the partner from the 
high-wage country must do strictly worse than 
with a domestic partner. From the point of view 
of the partner from the high-wage country, then, 
the attraction of international matching is access 
to cheaper labor, whereas from the point of 
view of the partner from the low-wage country, 
the attraction is greater relative bargaining 
power than with a domestic partner. 

It is now clear that the home country cannot 
be the low-wage country. If it were, interna- 
tional partnerships would demand only home 
labor, and demand for home labor would be 
relatively greater than demand for foreign labor, 
generating a contradiction given that supply of 
home labor is relatively smaller. We can also 
rule out w = w*, since in this case because of 
the tax/transport cost at least one partner of an 
international match must do strictly worse than 
with a domestic partner and no international 
matches would be confirmed, yielding equal 
demand for home and foreign labor but a greater 
supply of the latter. It follows that in equilib- 
rium w > w* and that all confirmed interna- 
tional matches will employ foreign labor. 
International matching thus serves to transfer 
labor demand from the labor-scarce to the labor- 
abundant country, just as does trade in the stan- 
dard one-good, two-factor model. Also as in this 
standard model, we can think of producers and 
workers as using their income to purchase their 
own production, generating balanced interna- 
tional trade of producer services for numeraire 
output. 

We can now use Figures 1 and 2 to determine 
the cutoff match quality for successful interna- 
tional partnerships. If a home country producer 
of type i draws a potential foreign partner of 
type j, denote their distance on the circle of 
types by zi;, as represented in Figure 1. zij is uni- 
formly distributed on the interval [1/2 - kl2, 
V2], where k E (0, 1 ]. Given the symmetry of 
the circle we can drop the subscripts from zj: 
every home country producer faces a uniform 
distribution of partner distance z, with support 
[V/2 - kl2, 1/2] on the circle. We represent in 
Figure 2 the possibilities set that results from a 

), =(w*)] 

[(1-t)z=(w*), 0] n (home) 

FIGURE 2. THE BARGAINING PROBLEM 

potential international partnership. If the threat 
point is inside the Pareto frontier (the case 
shown in Figure 2) the two parties have an 
incentive to produce together, since they have a 
positive surplus to divide, and we assume that 
international matches are confirmed if and only 
if this condition obtains. For symmetry with 
domestic partnerships we apply the Nash bar- 
gaining solution to the outcome of the process 
of surplus division, though none of our results 
depends on this assumption. 

The condition that the threat point is inside 
the Pareto frontier can be expressed as: 

,T(w*)/4 < -,r(w)/[4(1 - t)] + z,r(w*), 

or alternatively as 

(4) z > g(w*/w, t), 

- + [,r(w)/rT(w*)]/[4(l - t)] 

= _ + [(w*/w)s]/[4(1 - t)], s > 0, 

where 7r(w)/7r(w*) = (w*/w)* follows from 
our assumption that 7r(w) is a constant elasticity 
function. This cutoff condition is represented in 
Figure 1. We see that g(w*/w, t) is increasing 
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in both arguments, as we would expect: the 
larger is w*/w, the smaller are the gains from 
trade and the greater must be the minimum 
acceptable match quality, and the larger is t, the 
larger is the conventional barrier to trade and 
the greater must be the minimum acceptable 
match quality. 

The key feature of our search and bargaining 
model is that some home producers draw for- 
eign producers that yield match quality z - z 
and then return home, with both the home and 
foreign parties to the failed international 
matches finding domestic partners instead. This 
is consistent with the considerable heterogene- 
ity that exists at the firm level regarding in- 
volvement in foreign transactions. Only a 
minority of firms even in high-wage countries 
like the United States have investments abroad, 
and in all countries studied many firms that 
produce tradeable goods have zero exports 
(Mark J. Roberts and James R. Tybout, 1997; 
Andrew B. Bernard and Bradford J. Jensen, 
1999).9 The result that some firms that search 
abroad return home empty-handed would also 
be obtained in a dynamic search model with an 
increasing marginal cost of search, but both the 
closeness to standard static trade models and 
tractability would be reduced.10 

II. International Trade Equilibrium and 
Comparative Statics 

Both home and foreign labor markets must 
clear in international trade equilibrium. To find 
these market clearing conditions we must derive 
the demands for home and foreign labor. Before 
doing so, two preliminary steps will help to 
prove and build intuition for later results. 

9 Clearly some of these firms attempted the foreign mar- 
ket. Swedish Trade Council export consultant Kent Gold- 
mann (quoted in William E. Nothdurft, 1992, p. 32) stated 
of his clients that are marginal or failed exporters: "Some- 
times their product isn't right for the market, or the country 
they chose was not a good fit, or their approach or agents are 
not right." 

'O Why should the marginal cost of search be increasing? 
In order to judge the quality of a match with a foreign 
producer a manager must be intimately familiar with his 
own firm's operations, and thus involved in them. If he 
travels abroad for a week, say, someone can cover for him, 
but the longer he is absent the more crucial and pressing are 
the unmade decisions that pile up. In other words, the 
opportunity cost of the manager's time is increasing. 

First, we saw in the previous section that 
w* < w in any equilibrium of our model, but 
equation (4) actually yields a tighter restriction 
on the relationship of wages in international 
trade equilibrium. We see that no international 
partnerships can be successful if w*/w - (1 - 

t) 16, since that would imply z > /2. For the 
remainder of this analysis we will assume that 
endowments are sufficiently different or the tax/ 
transport cost is sufficiently low that an equi- 
librium with positive international trade always 
obtains.11 It follows that (1 - t)11 --= o < 1 
is an upper bound for w*/w. We also see from 
equation (4) and Figure 1 that if w*l/w < [(1 - 

2k)(1 - t)] -- = < K0, all international partner- 
ships are successful, since this implies z < 1/ - 
k/2. But then demand for home labor falls to zero 
and w*/w > 1, a contradiction. It must then be that 

(5) w*/w E (max(0, co), &). 

Second, it builds intuition to compute the 
probability that any international partnership 
will be successful. From Figure 1 we see that 
this is given by 

2 - z(w*/w, t) 
(6) P= k2 

As expected, the probability of success is higher 
when the wage ratio is smaller, when the tax/ 
transport cost decreases (holding the wage ratio 
constant), and when information improves 
(again holding the wage ratio constant). Also 
note that the sensitivity of P to both the wage 
ratio and the tax/transport cost is greater when 
first-cut quality is greater (k is smaller). This 
indicates the ability of producers to respond 
more effectively to price-based incentives as a 
result of improved information. Specifically, 
equation (6) reflects the fact that the density of 
producers that are "on the margin" between 
matching internationally and matching domes- 
tically increases as k decreases: more decision 
makers are in a position to take advantage of 
substitution opportunities. The underlying cause 
for the positive relationships between first-cut 

1 The precise condition that the parameters of the model 
are assumed to satisfy is given in the proof of Proposition 1. 
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quality and both labor market integration and 
the impact of trade liberalization is thus con- 
tained in equation (6). 

Home labor is demanded only by those home 
producers whose international matches were 
unsuccessful. Summing, we get: 

2 z 1 
(7) k (-7T'(w)) dz 

1/2 - k/2 

1 Z-(w*/W, t) 
= 

4 2k (-r' (w)) 42k 

=(- 

Foreign labor demand is easily shown to be 
decreasing in the wage ratio and tax/transport 
cost as expected.12 In the last line of equation 
(7') we introduce a new quantity, Q, which 
equals the profits from all successful inter- 
national partnerships. In other words, Q is 
the same as the second integral in equation (7') 
if we replace (-7r'(w*)) by nr(w*). Since 
7r(w*) factors out of the integral, we can re- 
cover the labor demand integral if we take the 
derivative of the negative of Q with respect to 
w*. 

Given equations (7) and (7'), we can write 
the labor market clearing conditions as: 

1 2- (W*/W, t) 
(8) 2k (-'(w)) = L, 

where we used the fact that the mass of home 
producers equals one and applied the definition 
of P in the last line. Note that we used the 
symmetry of the problem to integrate over only 
half the interval in Figure 1, dividing by k 2 
instead of k. As expected, home labor demand 
is increasing in the wage ratio and the tax/ 
transport cost: as either increases, the share of 
international matches that is successful falls. 

Foreign labor demand is the sum of labor 
demand by foreign producers whose inter- 
national matches were unsuccessful and labor de- 
mand from successful international partnerships: 

(7') 

2 1 2 z 1 
k 4(-'T'(W*)) dz 
\ 1/2 - k/2 

' 1/2 

+ z(- 1r'(w*)) dz 

1 2 1 (( w*/w, t)(2- (w*/w t))' 
4 k 

X (-,r'(w*)) 

/1 z(w*/w, t)(?- z(w*/w, t)) 
(8') - k + 

X (-T' (w*)) = L*. 

Equations (8) and (8') constitute two equations 
in two unknowns, w and w*. We can now prove 
the following proposition. 

PROPOSITION 1: An international trade 
equilibrium exists and is unique. 

PROOF: 
An equilibrium exists if there are solutions w 

and w* to the system formed by equations (8) 
and (8'), such that w, w* > 0 and w*/w E 
(max(O, _)), co). Combining equations (8) and 
(8') and substituting for z using equation (4) 
yields: 

(9) 

2(1 - t)[(w*/w)s - w)] 

(1 + 4k)Ei26 - 
(w*/w)2e (w*/w)e+ 

= LIL*. 

This is one equation in w*/w. If w*/w E 
(max(0, co), co), then both the numerator and the 

1 aQ 
= (1 - P)4(-ur'(w*)) -w*- 

12 The derivative of the numerator of the second expres- 
sion with respect to : is 1/2 - 2:, which is negative since 
: > 1/4 by equation (4). 
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denominator on the left-hand side are positive. 
The left-hand side of equation (9) is a mono- 
tonically increasing function of w*/w, so if a 
solution for w*/w exists it is unique. If L/L* = 
0 then w*/w = max(0, wc) is the solution. 
Conversely, if w*/w = &, we can use the 
definitions for Co and & to show that equation (9) 
becomes (1 - t)1 + 1 = L/L*. But it can be 
shown that L/L* < (1 - t) 1 + 1/, is a necessary 
and sufficient condition to avoid a zero-trade 
equilibrium, hence we have assumed that it ob- 
tains.13 This proves that a solution for w*/w 
exists and is unique. This solution can be 
substituted into equation (8). Given the bounds 
for w*/w, it is straightforward to show that 

4 2k positive, and then 
since 7r' is a monotonic constant-elasticity func- 
tion, a unique w exists that solves equation (8), 
given the solution w*/w to equation (9). Given 
the uniqueness of both w*/w and w, w* is 
unique as well. 

We can now perform comparative statics 
analysis. Consider an increase in L. Equation 
(9) immediately yields that w*/w increases. The 
intuition is that the wage ratio increases to 
maintain labor market clearing in the home 
country (fewer international matches are suc- 
cessful). Equation (8') indicates that the foreign 
wage must fall, and both of these facts imply 
that the home wage must fall as well. Con- 
versely, an increase in L* also causes both 
wages to fall, but with a decrease in the wage 
ratio. We thus see that with imperfect infor- 
mation (k > 0) national labor markets are 
partially integrated in the sense that, although 
an increase in either country's labor supply 
causes both its wage and that of its trading 
partner to fall, its wage falls more. In the next 
section we will show that the extent of labor 
market integration increases monotonically 
with first-cut quality. 

As expected, w* decreases and w increases 
(and thus the wage ratio falls) with increasing k 
or t: 

PROPOSITION 2: With changes in k or t the 
following results apply: 

13 This proof is available upon request. 

(i) dw/dk > 0. 
(ii) dw/dt > 0. 

(iii) dw*/dk < 0. 
(iv) dw*/dt < 0. 

PROOF: 
Note that the left-hand side of equation (8) 

[equation (8')] increases (decreases) with both 
k and t. It follows that the left-hand side of 
equation (9) must increase with both k and t. 
Consequently, d(w*/w)/dk < 0 and d(w*/w)/ 
dt < 0, that is, the wage ratio falls with both 
k and t. It then suffices to prove that (dw/ 
dk)(dw*ldk) < 0 and that (dw/dt)(dw*/dt) 
< 0. The most straightforward way to do this 
is simply to totally differentiate equations (8) 
and (8'). The results can be summarized as 
follows: 

(A B dw 
[C D} \dw*, 

(F G; dk 
H I dt ' 

where the matrix coefficients are functions of w, 
w*, and the parameters of the model. Then a 
straightforward use of Cramer's rule reduces the 
proof to showing that: 

(DF - BH)(AH - CF) < 0 and 

(DG - BI)(AI - CG) < 0. 

The proofs of these inequalities, as well as 
the explicit expressions for the coefficients, are 
relegated to an Appendix available upon re- 
quest. 

We next show that, as either type of trade 
barrier increases (either first-cut quality decreases 
or the tax/transport cost increases), the volume of 
trade decreases, as expected. In our model the 
volume of trade equals profits repatriated by home 
country producers. The following Lemma will be 
an important input to our proof. 

LEMMA: The probability of a successful 
match P decreases as either k or t increases. 

PROOF: 
The results follow from Proposition 2 and the 

last line of equation (7). Since w increases with 
k or t, it must be that P decreases, in either case, 
to keep labor demand constant. 
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PROPOSITION 3: The volume of trade de- 
creases as either k or t increases. 

PROOF: 
Since from Proposition 2 we have dw/dk > 

0 and dw/dt > 0, it suffices to show that the 
total profits from international partnerships Q 
decrease as either k or t increases, because the 
weakening of the bargaining position of home 
country producers means the profits they obtain 
from international partnerships decrease even 
more. Consider an increase in k. We know from 
Proposition 2 and the Lemma that both w* and 
P go down, both thereby contributing to an 
increase in the demand for foreign labor accord- 
ing to the last line of equation (7'). Since the 
foreign labor market must still clear, it must be 
that -aQ/3w* (which is a positive quantity) de- 
creases. Since the expression for Q is proportional 
to Tr(w*), it can be written as Q = C(w*) -, where 
C does not depend on w* and -s is the constant 
elasticity of profits with respect to the wage rate. 
Then -aQ/aw* = Cs(w*) l 1 = sQ/w*, and 
since w* is decreasing it must be that Q itself 
decreases with k. The proof for the case when t 
increases is exactly analogous. 

We conclude this section by proving our first 
"convergence" result: in the limit as informa- 
tion becomes perfect (k approaches zero), the 
ratio of national wages becomes a function of 
only the tax/transport cost and technology, as in 
the 2 X 2 Heckscher-Ohlin-Samuelson model 
and the standard one-good, two-factor model of 
trade in factor services. In particular, the ratio of 
national wages becomes independent of the ratio 
of national labor supplies. To see this, note that as 
k approaches zero, to approaches w. Since w is 
positive for k < 12, it follows from Proposition 1 
that there is a solution for the wage ratio w*/w G 
(w_, &>). In the limit, we must have w*/w = =_ 
(1 - t)l1/, and the wage ratio depends only on the 
tax/transport cost and on production technology 
(which determines e). The wage ratio achieves its 
upper bound because with perfect information the 
maximum transfer of labor demand from the 
home to the foreign country occurs. 

III. Information and Labor Market Integration 

As stated in the introduction, we expect the 
elasticity of substitution between national labor 

forces to increase as informational barriers to 
trade fall. We can now demonstrate this result 
formally. Define the relevant elasticity as 
0' -= d[ln(L/L*)]/d[ln(w*/w)], where the 
superscript GE reminds us that this is a general- 
equilibrium elasticity of substitution in which 
the endowment ratio varies exogenously. Com- 
bining equations (8) and (8'), we have 

(W*/W) + l = L/L*. 
k + 4g(l- ) 

Using this expression, we can immediately see 
that suppressing the dependence of z on w*/w 
yields (7GE = 8 + 1: eliminating the impact of 
the wage ratio on the probability of forming a 
successful international partnership, and thus on 
the transfer of labor demand between countries, 
yields a "base" value of the elasticity of substi- 
tution that must rise when that impact is fac- 
tored in. Proposition 4 shows that the extent to 
which the substitutability of national labor 
forces exceeds this base value increases as first- 
cut quality improves, and that this substitutabil- 
ity becomes perfect as information becomes 
perfect. 

PROPOSITION 4: c GE> e + 1, arGE de- 
creases with k, and trGE -- oo as k -> 0. 

PROOF: 
The equilibrium wage ratio w*/w is calcu- 

lated with the help of equation (9), which we 
repeat here: 

(9) 

2(1 - t)[(w*/w)e - (w] 
-I -L A1\-2e ( */ e (w*lw)"- = L/L*. 

(1 + 4k)2e- (w*/)2e ( ) = L 

This equation implicitly defines w*/w as a func- 
tion of L/L*. Taking derivatives and substitut- 
ing the equation back in, we get: 

(JGE = + + 1 + - 
(W*/ 

2- 

(1 + 4k))28/(w*/w)2e - 1 
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It is trivial by inspection to see that crGE > e + 
1, given the limits for w*/w. 

Next, we prove that 0.GE decreases with k. 
The fourth term on the right-hand side clearly 
decreases with k, since w*/w decreases with k 
(see Proposition 2) and W does not depend on k. 
It then suffices to prove that the third term also 
decreases with k. We can show that 1 - ow/ 
(w*/w)' increases with k by using the definition 
of P [equation (6)]. We have: 

(w*/ w)e- - 

2k(l - t) 

Since 1 - P increases when k increases (by the 
Lemma), it must be that (w*/w)' - co' = 

(w*/w)'[1 - tw/(w*/w)'] increases as well. 
Since (w*/w)e decreases with k, 1 - w/(w*/ 
w)' must increase with k, and the result follows. 

Finally, we showed at the end of Section II 
that in the limit as k approaches zero w*/w = C) 
(=C )). The third term of the expression for 
aGE thus tends to infinity as k tends to zero, 
completing the proof. 

Since the value of the elasticity of substitu- 
tion between national labor forces is infinite in 
the 2 X 2 Heckscher-Ohlin-Samuelson model 
and in the standard one-good, two-factor model 
of trade in factor services, Proposition 4 con- 
tains our second convergence result. 

A higher elasticity of substitution means that 
firms are able to transfer labor demand more 
effectively between countries in response to 
the opportunities presented by wage differen- 
tials, thereby reducing the extent to which rel- 
ative wages need to change when relative labor 
supplies change in order for national labor 
markets to clear. Figure 3 illustrates this aspect 
of increasing labor market integration as infor- 
mation improves. As k falls from 1 to 0.01, 
home producers begin unable to rule out any 
foreign types in advance and end able to rule 
out the worst 99 percent in advance. We see 
that for minimum first-cut quality the home 
wage falls by less than 1 percent and the foreign 
wage falls by more than 4 percent in response 
to a 10-percent increase in foreign labor 
supply, but as first-cut quality increases these 
changes both converge towards the perfectly 
integrated world labor market value and the 

Percent change 
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FIGURE 3. RELATIVE WAGE RESPONSE TO A 10-PERCENT 

INCREASE IN FOREIGN LABOR SUPPLY 

change in the wage ratio converges towards 
zero. 4 An interesting feature of this simulation 
and those reported in Figures 4 and 5 below is 
that the pace of convergence to the perfect in- 
formation result accelerates as k shrinks: only 
when information has dramatically improved 
does its impact on globalization become really 
noticeable. 

In a recent book, Dani Rodrik (1997) argues 
that globalization increases the insecurity felt 
by workers in high-wage countries. An impor- 
tant part of his argument is that globalization 
increases the elasticity of national labor de- 
mand. We have just shown that an increase in 
first-cut quality increases the substitutability of 
national labor forces, so we can expect it to 
increase the elasticity of national labor demand 
as well. Following Rodrik, we consider the elas- 
ticity of national labor demand for the high- 
wage country ignoring any effect of the change 
in domestic wages on wages in the rest of the 
world, i.e., holding w* constant. Denote that 
elasticity by e(Ld, w) - d[ln(Ld)]/d[ln(w)], 
where Ld is the demand for home labor [the 
left-hand side of equation (8)]. We can think of 
this elasticity as a partial-equilibrium magni- 
tude, as would be typical in labor economics, or 

14 The initial value of L/L* in this simulation is /2, so 
the world labor supply increases by 6 2/3 percent. The value 
of e is 1, yielding an autarky labor demand elasticity of -2, 
so in a perfectly integrated world labor market the world 
wage should fall by 3 1/3 percent (actually about 3.175 
percent once we correct for linear approximation error). The 
value of t in this simulation is zero. 
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,' ... .............. I-k=0 
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'\ ..* 

- - - - 1-k=0.6 -. 1-k= 0.9 

ifests itself clearly only when information has 
dramatically improved. 

IV. Information and the Impact of Trade 
Liberalization 

<' ~ '. .... One of the most important aspects of infor- 
'^ -" : -.. ^ "- mational barriers to international trade is their 

interaction with conventional trade barriers. We 
can expect that, just as informational barriers 
interfere with the ability of firms to transfer 

> Ld labor demand across borders in response to the 
incentive of international wage differentials, 

JRE 4. CHANGES IN THE HOME LABOR DEMAND CURVE they would also blunt their shifting of labor 
AS FIRST-CUT QUALITrrY INCREASES (w* FIXED) demand in response to the disincentive of trade 

taxes or transport costs. As information im- 
proves, decisions by firms whether to demand 

can think of it as a general-equilibrium mag- domestic or foreign labor will become more 
ide, in which case the home country must be responsive not only to changes in the wage 
iall" relative to the foreign country.15 In differential w*/w but also to changes in the 
ler case, it is easily shown (Rauch and tax/transport cost t. With labor supplies given by 
ndade, 2000, Proposition 6) that in absolute endowments in our simple general-equilibrium 
ae e(Ld, w) > e + 1, e(Ld, w) decreases trade model, all of the adjustment to the greater 
h k, and e(Ld, w) -> oo as k -> 0. With responsiveness to changes in t is borne by 
nitely elastic domestic labor demand, the wages. We thus expect the elasticity of the wage 
ilts of our model again converge to the re- ratio with respect to the tax/transport cost to 
Is of standard trade models as information increase as first-cut quality increases. 
omes perfect. We saw in Proposition 4 that the elasticity of 
'igure 4 illustrates these results. The home substitution between national labor forces tends 
;e and the home labor demand are expressed to infinity as k tends to 0, hence the elasticity of 
)roportion to the foreign wage and foreign the wage ratio with respect to the labor endow- 
Dr supply, respectively.16 The home labor ment ratio tends to 0 as k tends to 0. Towards 
aand curve tends towards a horizontal line as what quantity should we expect the elasticity of 
pproaches zero.17 Again this tendency man- the wage ratio with respect to the tax/transport 

cost to tend as k tends to 0? At the end of 
Section II we showed that w*/w tends to ( =- 

5 We can implement the small country assumption rig- (1 - t) 
1/ as k tends to 0, and it is easily shown 

sly in our model by allowing the foreign producer that the equation w*/w = -0 yields an elasticity 
ider to become infinitely tall, while at the same time of the wage ratio with respect to t equal to 
ving the foreign labor endowment to grow proportion- -t/[s(l - t)]. The dependence on t is awk- 
r so that the foreign zero-trade equilibrium wage is so we make the change of vaiable T 
langed. In this way the measure of foreign producers 
match with home producers goes to zero, permitting us 1 - t, in which case the equation w*/w = -- 
eat the foreign wage w* as a constant when the home T1/8 yields an elasticity of the wage ratio with 
e varies. The home labor market clearing condition does respect to T equal to 1/8, which we expect to 
change because with one-shot random matching the be the limiting elasticity as k tends to 0. An 
abilitv of formation of . r. oeefil nartnerRhin. h hnme 

[J11VUaQLLL~.j v. vlv11a.ll,vi vA Lu",;-,aa,uOlUl [lalulvampbO uy I.llllll, 

producers does not change. 
16 In the case where the home country is small relative to 

the foreign country, we must instead state that the home 
labor demand per producer is expressed in proportion to the 
foreign labor supply per producer. 

17 The value of E in Figure 4 is 1, as in Figure 3, but the 
value of t is 0.1, its (initial) value in Figure 5 below. It 
follows that when w/w* falls to 1/0.9 (w*/w rises to 0.9 = 

(1 - t)l/e) the home country is in zero-trade equilibrium, 
so that labor demand is the same regardless of the value of 
k. The reader can easily compute that, for e = 1, the value 
of L/L* for which t = 0.1 is a "prohibitive" tax/transport 
cost is (0.9)1 + l/e = 0.81. 
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FIGURE 5. RELATIVE WAGE RESPONSE TO A 

10-PERCENT TRADE LIBERALIZATION 
(10-PERCENT INCREASE IN T = 1 - t) 

increase in T corresponds to trade liberalization 
or to an increase in the proportion of the traded 
good that "arrives" in the ice transport cost 
model. We denote the elasticity of w*/w with 
respect to trade liberalization by e(w*/w, T) = 

d[ln(w*/w)]/d[ln(T)]. Note that we know from 
Proposition 2 that e(w*/w, T) is positive. 

We demonstrate in Proposition 5 that the 
extent to which trade liberalization equalizes 
wages across countries increases with first-cut 
quality, and e(w*/w, T) approaches 1/ as in- 
formation becomes perfect. 

PROPOSITION 5: e(w*/w, T) decreases with 
k, and e(w*/w, T) -> 1/6 as k ---> 0. 

PROOF: 
The proof of this proposition is more in- 

volved than the proofs of our other propositions, 
and is confined to the Appendix. 

Figure 5 shows Proposition 5 in action. The 
value of s is 1, so the increase in w*/w in response 
to a 10-percent increase in T must approach 10 
percent as k approaches 0. We also see in Figure 
5 that for minimum first-cut quality the wage ratio 
only increases by about 2 1/ percent. This equal- 
ization of wages in response to trade liberalization 
is brought about more by a fall in the home wage 
than by an increase in the foreign wage, reflecting 
the larger size of the foreign labor force.18 

18 The value of L/L* in this simulation is 1/2 and the 
initial value of T is 0.9 (t = 0.1). 

Since from Proposition 5 we already know 
that w*/w changes less in response to a change 
in T as k increases, we can expect that if we 
hold w* constant w will change less in response 
to a change in T as k increases. Just as in our 
analysis of the elasticity of domestic labor de- 
mand e(Ld, w), we can hold w* constant by 
making the home country "small" relative to the 
foreign country, or consider our analysis to be 
of the partial- rather than general-equilibrium 
variety. Rauch and Trindade (2000, Proposition 
8) show that in either case e(w, T) decreases (in 
absolute value) with k and e(w, T) -> - 1/e as 
k -> 0, where e(w, T) 

- 

d[ln(w)]/d[ln(T)] 
holding w* constant. The reduction in home 
wages in response to trade liberalization in- 
creases as first-cut quality increases. 

Standard small-country analysis of ad valo- 
rem trade taxes/transport costs, in both the 2 x 
2 Heckscher-Ohlin-Samuelson model and the 
one-good, two-factor model of trade in factor 
services that our model generalizes, demon- 
strates that the percentage change in domestic 
wages equals the percentage change in T mul- 
tiplied by a coefficient that is determined only 
by the underlying production technology.19 The 
fact that this property holds in our model as 
information becomes perfect is our final "con- 
vergence" result. 

We know from Proposition 3 that the volume 
of trade increases with first-cut quality. Our 
result on e(w, T) therefore implies that the 
impact of trade liberalization on domestic 
wages will be greater, the greater is the initial 
volume of trade, holding constant all parameters 
other than first-cut quality, including the initial 
level of the tax/transport cost and all character- 
istics of the trading partner. 

V. The Armington Elasticity of Substitution 

The elasticity of substitution between domes- 
tic and imported outputs, known as the Arming- 
ton elasticity of substitution, is a key parameter 
in both econometric and simulation models that 
are used to assess the likely effects of various 
trade policies (see, e.g., Rajesh Chadha et al., 
1998). It also plays an important role in inter- 

19 In the 2 x 2 Heckscher-Ohlin-Samuelson model we 
would define T as 1 + t rather than 1 - t. 
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national macroeconomics, as it influences the 
"expenditure-switching" impact of exchange 
rate changes, and can even determine the sign of 
the welfare effect of a domestic monetary shock 
(Cedric Tille, 2001). If domestic and imported 
outputs are identical, then in standard trade 
models with ad valorem trade barriers the Arm- 
ington elasticity must be infinite, or there must 
be complete specialization in production. This 
creates a problem because estimated Armington 
elasticities are not especially large (e.g., Bruce 
A. Blonigen and Wesley W. Wilson, 1999), and 
the world does not typically display complete 
specialization. The generally adopted solution 
to this problem is that proposed by Paul S. 
Armington (1969), which is to differentiate 
goods by place of production. Following Arm- 
ington, this has been taken to mean that chem- 
icals produced in the United States and 
chemicals produced in Canada are "imperfect 
substitutes in demand" (Armington, 1969, p. 
159), meaning imperfect substitutes in the rep- 
resentative consumer's utility function or pro- 
ducer's production function. 

We propose a different approach to this prob- 
lem. We assume that imported and domestic 
outputs are distinguished only by place of pro- 
duction, i.e., they are perfect substitutes in con- 
sumer or producer demand. Finite Armington 
elasticities of substitution nevertheless obtain 
because of matching friction with foreign sup- 
pliers. Complete specialization in production 
can arise, but only if the price differential be- 
tween imported and domestic outputs is great 
enough to overcome the "natural protection" 
offered by the informational barrier to trade. 
With incomplete specialization, we expect 
Armington elasticities of substitution to rise as 
first-cut quality (information) improves. 

We can demonstrate these results using the 
model of Sections I and II after some reinter- 
pretation of the agents and variables. We begin 
by reinterpreting "producers" as wholesalers 
engaged in both domestic distribution and 
import-export activities. Instead of purchasing 
"labor," wholesalers purchase goods from man- 
ufacturers, and "wages" can then be interpreted 
as producer prices and relabeled p and p*, 
respectively. Wholesaler "types" can be inter- 
preted as reflecting their (possibly contractual) 
affiliations with certain manufacturers and end 
users (retailers or purchasers of intermediate 

goods). Match quality is then increasing in the 
suitability of the product varieties supplied by 
the underlying manufacturers for the end users 
the wholesalers wish to serve. Equation (1) now 
gives the production function for wholesale ser- 
vices for a given industry. The assumption that 
product varieties are identical across countries 
(perfect substitutes in demand) is reflected by 
the fact that the location of any wholesaler's 
best match is identical across countries and 
yields an identical match quality. The model 
can implicitly allow for variation in the degree 
of product differentiation within an industry by 
changing the exponent on zij in a Cobb-Douglas 
specification of the production function F: the 
greater is this exponent, the more important is 
match quality as a component of wholesale ser- 
vices, indicating a greater level of product dif- 
ferentiation in the industry. It is easily shown 
that this implies a smaller elasticity of the profit 
function in equation (2) with respect to the 
producer price p, leading to a smaller "base" 
elasticity of substitution. Conversely, the more 
"commodified" is the industry, the more price 
sensitive are the profits of the wholesalers that 
work in it. 

We will assume that all product varieties 
within an industry are symmetric, hence p and 
p* represent the producer prices of every prod- 
uct variety in the respective countries.20 Aggre- 
gating units across all goods within the industry, 
equations (7) and (7') then give the demands for 
domestic industry output and foreign industry 
output, respectively. Let us define imports M as 
that part of demand for foreign industry output 
generated by international matches, i.e., goods 
purchases of internationally matched foreign 
wholesalers from their affiliated manufacturers 
for resale by their partner home wholesalers to 
their affiliated end users.21 We also denote de- 
mand for domestic industry output by D. Fol- 
lowing Blonigen and Wilson (1999), we then 
define the Armington elasticity of substitution 
as oA = d[ln(D/M)]/d[ln(p*/p)]. 

From equation (5), we know that oA is only 
defined for p*/p E (max(O, co), W): for p*/p C 
o-o [(1 - 2k)(1 - t)]1l8, all international 

20 In empirical work p and p* would be producer price 
indices. 

21 This is equivalent to - Q/9w* in equation (7'). 
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matches are accepted and D = 0, and for 
p*lp > C) =- (1 - t)1/8, all international 
matches are rejected and M = 0.22 For t = 0 
and k < 1/2, co = (1 - 2k)l/e is a measure of 
"natural protection": it tells us how much 
cheaper importable output must be than domes- 
tic output in the absence of conventional trade 
barriers before domestic production is elimi- 
nated and complete specialization prevails. Nat- 
ural protection increases with k, as expected, 
and decreases with e: as product differentiation 
measured by the importance of match quality to 
wholesalers declines, matching friction caused 
by incomplete information in the foreign market 
provides less protection to domestic producers. 

To compute aA for p*/p E (max(0, co), co), 
we first compute the values of D and M. We 
have D = [1/4 - (1/2 - z)/2k](-r'(p)) and 
M = [(1/4 - 2)1k](-Tr'(p*)).23 We can then 
show that the extent to which the Armington 
elasticity of substitution exceeds its base value 
increases as information improves: 

PROPOSITION 6: crA > e + 1 and aA de- 
creases with k for p*/lp E (max(0, Co), C)). 

PROOF: 
Dividing D by M and substituting in the 

definition of z, we have 

2 (o [( (p */p) - C] 
DIM 

4o2s - [ + (p*/ p)]2 (P 

Logarithmic differentiation yields 

A = + 1 + (p*/p) _ O 

2[CiO + (p*/p)e]e(p*/p)8 
+ 

4C2 - [Co- + (p*/p)e]2 

Since o < p*/p < Co, we have o > e + 1. 

22 For the general-equilibrium elasticity of substitution, 
the wage ratio is determined endogenously and max(O, o), 
& respectively give the lower and upper bounds for the 
equilibrium value of w*/w. Here it is the price ratio rather 
than the endowment ratio that varies exogenously, so p*/p 
can take on values above &) or below w (when 0) > 0). 

23 Substituting in z = 1/4 + [(p*/p)S]/[4(1 - t)], we 
can easily confirm that p*/p = w yields D = 0 and p*/p - 

w yields M = 0. 

Moreover, co decreases with k and p*/lp is given 
exogenously, so oA decreases with k. 

Blonigen and Wilson (1999) examine the de- 
terminants of estimated Armington elasticities 
between U.S. domestic and imported goods 
across over 100 industrial sectors from 1980- 
1988. They find evidence in support of their 
hypothesis that "more efficient distribution of 
the import good makes it easier for the con- 
sumer to substitute to these products" (p. 9). 
This is also consistent with our Proposition 6.24 

VI. Conclusions 

We modeled a reduction in informational 
barriers to trade as allowing investors from a 
labor-scarce country to rule out, in advance of 
attempting to form a match, more of the poten- 
tial partners in a labor-abundant country with 
which they can enter into productive joint ven- 
tures. We found that this increased first-cut 
quality leads to a greater general-equilibrium 
elasticity of substitution between national labor 
forces, hence greater integration of national la- 
bor markets in the sense that an increase in one 
country's labor supply has more nearly equal 
proportionate effects on its wages and those in 
its trading partner. A related result is that, unlike 
reductions in conventional trade barriers (at 
least in standard models), improved information 
has the effect predicted by Rodrik (1997) of in- 
creasing the elasticity of national labor demands. 

In our model conventional trade barriers took 
the form of ad valorem tax/transport costs. We 
found that the extent to which reductions in 
conventional trade barriers equalize national 
wages increases with first-cut quality. Since in 
our model the volume of trade is increasing in 
first-cut quality, trade tax changes have a 
greater impact on wages when the initial vol- 
ume of trade is greater, all else equal. Our 
model thus has implications for the effects of 
trade liberalization on wages, both over time 
and in cross-section. If information is in fact 
improving with time, past impacts of trade lib- 

24 Blonigen and Wilson use import price indices rather 
than indices of producer prices in the source country. Our 
model is useful for interpreting their results to the extent 
that variation in the former is driven by variation in the 
latter. 
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eralization on wages may underestimate the im- 
pacts of future liberalization, at least if the 
liberalization involves reductions in trade taxes.25 
In cross section, our model suggests that trade 
liberalization with countries with which the ini- 
tial volume of trade is greater, all else equal, 
will have greater impact on domestic wages. 

Once it is adapted to apply to trade in goods, 
our model also predicts that elasticities of sub- 
stitution between domestic and foreign outputs 
will increase as information improves. Though 
our results have yet to be integrated with an 
international macroeconomic model, we can 
speculate about what cross-sectional or time- 
series implications they might have in this area 
as well. For example, if at present distance 
between countries is still a useful proxy for 
quality of information (Portes and Rey, 1999), 
the expenditure-switching effects of exchange 
rate changes may be smaller for countries that 
are more distant from their major trading 
partners.26 

Our model conceives of international trade as 
a business-to-business enterprise, conducted be- 
tween manufacturers of consumer goods and 
distributor-wholesalers, between assemblers 
and component suppliers, and so on with indi- 
vidual consumers in the background. Gene M. 
Grossman and Elhanan Helpman (2002) have 
applied a business-to-business matching model 
to determination of the level of international out- 
sourcing in general equilibrium. The business-to- 
business matching approach may prove to be a 
useful vehicle for many new insights in inter- 
national economics. 

APPENDIX 

PROOF OF PROPOSITION 5: 
We can rewrite equation (9) in the following 

way, by substituting for co and &, making the 
change of variable T = 1 - t, dividing the 

numerator and denominator of the fraction on 
the left-hand side by 4kT2, and rearranging: 

(Al) 

1 ( (w*/w) \ 
1-- 11 -(W*W) 
1+2k[- 1 T2 

1 / (w*/w)2 (w*/w)+l = LIL*. 

We know from Proposition 2 that w*/w increases 
with T. We can now see from equation (A1) 
that (w*/w)S must increase less than propor- 
tionately than T. If it increased proportionately 
the fraction on the left-hand side would remain 
constant and the whole left-hand side would 
increase, a contradiction since L/L* is kept con- 
stant. This argument applies a fortiori to rule out 
a more than proportionate increase in (w*/w)8. 
This then implies that 0 < ce(w*/w, 7) < 1. 

We now show that e(w*/w, T) decreases 
with k. Let us denote the numerator and the 
denominator in equation (Al) by A and B, re- 
spectively: 

A = 12k1 ( (w*/w) = 1-P, 

where use has been made of equations (4) and 
(6), and 

B= 1 + 1 ( - (w*/w)2,) 5 l 
4k 

1- 
^ 

Differentiating the logarithm of equation (Al) 
with respect to T, we obtain: 

(A2) 

1 aA 1 aB e + 1 d(w*/w) _ 
A aT B aT w*/w aT 

It is straightforward to calculate: 

25 We leave analysis of the interaction of informational 
barriers to trade with quantitative restrictions to future re- 
search. One way to handle quantitative restrictions in our 
model would be to allow only a subset of domestic produc- 
ers who have licenses to engage in international joint ven- 
tures to match with producers abroad. 

26 We are grateful to Maury Obstfeld for this suggestion. 

aA 1 (w*/w)e 
aT 

= 
2k T2 [1 - ee(w*/w, T)] and 

dB 1 (w*/w)2e 

2k T3 [1 - se(w*/w,T)]. 
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Therefore, given that 0 < se(w*/w, T) < 1, 
the first two terms in equation (A2) are both 
negative. 

Suppose now that when k increases, (1 - 
se(w*1w, T)) is either constant or decreases, 
implying that e(w*/w, T) does not decrease, as 
we wish to prove. Because w*/w is decreasing 
in k, we can deduce that: 

(i) aA/IT decreases (in absolute value) with k; 
(ii) A increases with k, because the Lemma 

tells us that P decreases with k; and 
(iii) 1 aB 2[1 - se(w*/w, T)](w*/w)2sTT3 

B aT 4k + 1 - (w*/w)2/T2 de- 
creases with k. 

These three results imply that the last term in 
equation (A2), which is positive, also decreases 
with k. But that term is simply proportional to 
e(w*/w, T), so we arrive at a contradiction. 
Therefore it must be that (1 - se(w*/w, T)) 
increases and e(w*/w, T) decreases with k, as 
we wished to prove. 

Let us now prove that e(w*/w, T) -> 1/s as 
k -> 0. If this is not true, (1 - se(w*/w, T)) 
does not tend to zero as k -> 0. Recalling that 
w*/w -> T1/8 = Cl when k --> 0, this implies 
that both 

1 aA 
A AT 

[1 - se(w*/w, T)](w*/w)/T2 
2k - 1 + (w*/w)'/T 

and -(aB/lT)/B go to -oo as k -> 0. It then 
follows from equation (A2) that e(w*/w, T) -> 
+00, which contradicts se(w*/w, T) < 1, thus 
establishing the result. 
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