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1 Introduction

We build a model of firm-to-firm trade to capture the role of intermediate inputs in production
and international transactions. At the firm level, the model generates predictions for imports,
exports, and the share of labor in production broadly consistent with observations on French
manufacturers. At the aggregate level, firm-to-firm trade determines bilateral trade shares as
well as labor’s share of output in each country.

Without intermediates, the model reduces to a version of Melitz (2003), Chaney (2008),
and Eaton, Kortum, and Kramarz (2011). The model of firm-to-firm trade is complementary
to the recent work of Oberfield (2013). Firm production combines the output of a number of
tasks with a firm-specific efficiency level. Each task can be performed by the firm’s employees
or by an intermediate input purchased by the firm. The intermediates available to a firm
are determined by a matching process, with the firm replacing its own workers to perform
a particular task if a cheap enough intermediate is available. The distribution of prices for
intermediates is itself determined by the distribution of costs of the other firms which produce
them.

Our work relates to several strands in the literature. Recent papers looking at exports
or imports and labor markets include Hummels, Jgrgensen, Munch, and Xiang (2011), Fel-
bermayr, Prat, and Shmerer (2008), Egger and Kreickemeier (2009), Helpman, Itskhoki, and
Redding (2010), Caliendo and Rossi-Hansberg (2012). In addition to Oberfield (2013), other
theories of networks or input-output interactions include Lucas (2010), Acemoglu and Autor
(2011), Chaney (2013), and Acemoglu and Carvalho (2012). Quantitative work on exports,

imports, and labor markets includes Irarrazabal, Moxnes, and Ulltveit-Moe (2010), Klein,



Moser, and Urban (2010), Frias, Kaplan, and Verhoogen (2010), Kramarz (2009), Caliendo,
Monte, and Rossi-Hansberg (2013), and Helpman, Itskhoki, Muendler, and Redding (2013).
Recent work on firm-level imports includes Halpern, Koren, and Szeidl (2011) as well as

Blaum, Lelarge, and Peters (2013).

2 A Model of Firm-to-Firm Trade

Consider 7 = 1,2, ..., N countries, each endowed with labor L;. Countries manufacture differ-
entiated goods by combining labor and manufactured intermediates. These goods themselves
may be consumed directly or used as intermediates in the production of other goods. These
goods are traded, subject to iceberg cost: to deliver a unit to country n, country ¢ must ship
d,; > 1 units.

We first focus on firms in a particular country 7. A firm produces a unique good j, with
firm-specific efficiency z;(j), by combining the output of K tasks in a Cobb-Douglas constant-
returns-to-scale production function. Each task k can be performed by the firm’s own workers,
at wage wy;, or by purchasing an intermediate produced by another firm, at price py,;. The
firm will choose to do the task in house with its own workers if wy; < pi; or choose to buy
the intermediate if wy; > pi;. We assume that the measure of firms in 7 with efficiency above
z is:

pi(z) =Tz
In addition to firm efficiency, the intermediate goods available to the firm is also heteroge-

nous. The prices of these intermediates depends on the set of suppliers with whom the firm

has made contact. The total unit cost of the firm thus depends on the vector of intermediate



prices it faces, p = (p14, P24, -.-,Pi;), one for each task. Given p, the firm’s unit cost of

delivering to country n is:

z
where
K
bz’(P) = H min {wk,iapk,i}ﬁk )
k=1
and
K
D B=1
k=1

If all firms in ¢ faced the same vector of intermediate prices p, the measure that could

serve market n at a cost below ¢ would be:

15 (dibi(p) /€) = T [duibi(p)] ™" . (1)

In fact, they will face different intermediate prices. To solve the model, we need to integrate
this measure over the distribution of intermediate prices faced by firms in country :. We now

derive this distribution.

2.1 Distribution of Intermediate Prices

For each task k a firm encounters hy,; price quotes from different suppliers (domestic or foreign)
of the the intermediate, where Ay ; is distributed Poisson with parameter )\ ; and each price
is drawn from a distribution F;(p), independent across k and across draws for each k. Each
seller present in a market is equally likely to encounter any buyer, regardless, for instance, of

its origin or cost.



The firm would choose only the supplier with the lowest quote. Conditioning on the

number of quotes Ay ;, the distribution of the minimum quote is
P
Prlpr; < plhii] =1 —[1 = Fi(p)]™".
The unconditional distribution is:

hp.;!
hye.i=0 ki

0o _ _ P, i
= 1 (etme o CTEP Oul - B
hy.i!

hg,;=0
— 1 — ¢ Mifi(p)

As we derive below, the individual quotes are drawn from the distribution:

C;

Filp) = (2) @)

for p < ¢;, where ¢; is the highest possible price in country ¢ for any task k, also derived below.

Substituting into the distribution of the minimum price above gives:
Gra(p) = 1 — e i’ (3)

where

Thus the minimum intermediate price that the individual firm sees for a particular task (3)
is distributed Weibull with location parameter vy ;, with a higher value meaning that a lower

price is more likely, and shape parameter ¢, with a higher value meaning that prices are less

disbursed.



Having derived the distribution of the minimum available price of an intermediate we now

turn to the distribution of costs.

2.2 Distribution of Costs

We can integrate (1) over (3) to obtain an expression for the measure of firms from 7 that can

deliver to market n at a unit cost below c:

ni(c) = / s / " 12 (duibi(p) /) AC (). ACco(prc)

K o]
— nd;ﬁ&]‘[( / min {wg, pr} 0 de7i(pk)), (4)
k=1 /0

where we have used the fact that the price draws are independent across tasks.

A complication in solving this integral is determining the relevant support of the interme-
diate goods prices. If wy; > ¢; then any available intermediate would always displace workers,
so any price up to the upper bound ¢; is relevant. If wy, < ¢ then prices above wy,; would
always be rejected, so that wy; is the relevant upper bound. We will impose restrictions that
ensure:

c > max {wi}, (5)

to avoid uninteresting taxonomy. This inequality implies that there are active firms in the
economy whose unit costs are so high that they make no intermediate sales, since it would be
cheaper for any buyer to produce in house rather than to use intermediates produced by such
firms. This inequality also implies that a firm take advantage of an intermediate to perform

task k with probability:

Gri(wi;) =1 —exp [—vpi(wi;)?] -



Note that the term vy ;(wy;)? is equal to the arrival rate of quotes \;,; times the probability
(wy:/;)?, from (2), that a quote is below the wage wy ;.
Since wy; is the relevant upper bound on the intermediate goods prices that a buyer would

consider, we can write:

/0 " min {w,p} " dG(p) = [1— Glw)] (w) " + /wp%dmp)

0

where
0

y(1 =B, vu?) —/ yPevdy
0
is the incomplete gamma function.

Using (6), we can solve (4):

/’an(c) = T'ZEl (E’Ldm)_e Cea

where
a B
— e (e )P
Ei = H [6 ki(wed)” 4 (Vi (wii)?] 7" v (1 = B, vii(wii)?) |
k=1
and
K
w; = H (wk,i)ﬁk
k=1

is the cost of a bundle of labor inputs if no intermediates are available.

Aggregating across all sources of supply, the measure of firms that can deliver a good to



market n at a cost below c is:

py(c) = Zum(C)

= 1,

where:
Ty = ZTzEz (Widni) " (7)
i
Since the cutoff entry cost in country n (derived in the next section) is ¢,, the measure of
active firms in n is p,,(C,).

1 Hence

We assume that intermediates are available at the marginal cost of production.
the distribution of price quotes for intermediates in a market corresponds to the distribution

of unit costs for active firms. This distribution is:

consistent with the form asserted in (2).

2.3 Firm Entry

While different goods can be perfect substitutes as an intermediate for a firm in perform-
ing a task, and are sold at unit cost, final buyers perceive the outputs of different firms as

differentiated, and pay a markup over unit cost.

'Two justifications for this assumption are: (i) that buyers have all the bargaining power in the relationhip
between buyers and sellers of intermediates or (ii) that bargaining between them is efficient, so that sellers
make their goods available at marginal cost. In the first case (but not necessarily the second) buyers glean
all the surplus from the exchange. In the second case sellers might gain a share of the surplus through, say, a

lump sum transfer.



In particular, consumers of final goods have Dixit-Stiglitz preferences, with an elasticity
of substitution:

l<o<§+1.

Given total consumption spending X¢, consumers in country n will spend

o\ —(o-1)
c_ (P c
w=(F)

on a particular good whose final price is p©, where PC is the price index for consumption
goods.

If a firm’s unit cost of producing a good (including transport) is ¢, it will charge the
monopoly price to final consumers of p© = mc, where

o

m:U_l.

Hence its sales in country n are:

W) = (;’j—)() X, ®)

For simplicity, we assume that firms earn no profit from intermediate sales. Hence, in
deciding whether or not to enter market n, a firm compares its variable profit ¢ (c)/o with
the cost of entry. We allow the entry cost F,, to vary by destination but not by source. Faced
with this entry cost, a firm with unit cost ¢ in delivering to n will be active in the market if

¢ < ¢,, where this upper bound cost threshold satisfies

so that




which applies to any potential producer regardless of its location 7.2

2.4 Trade Shares and Price Indices

Country i’s share in n’s demand for final goods is:

(@) BTG (@idm)fe

Tni

Finally, the price index P, for final goods, given parameters and wages, solves:

P 1-0o N Cn
n _ —(o—1)
— = E c dp,;(c
N 9—(o—1) 1-0/(o—1)
0 P E
= E ———5;1; (@idm)_a (Tn> <O—g) )
< 10— (c—-1) m X<

1=

where the second equality follows from (9). Rearranging:

1-0/(c—1)
P —m 0 ok, T,
0—(oc—1) \ X¢

~1/0

, (10)

which can be solved given parameters, wages, and market size. The result can be substituted

back into (9) to solve for the entry threshold:

G = TnJE” )
0—(c—1) "XC

It is now clear that assumption (5) is satisfied for large enough values of E, /X¢.

The measure of entrants is thus:

0—(c—1) XY

() = = = (1)

20ur restriction (5) ensures that, if we allowed any distribution of the buyer’s surplus to the seller of an
intermediate, there would be no consequence for entry. The reason is that, in order to be of interest to the

buyer of an intermediate, the seller would need to have a unit cost strictly below the entry threshold.



The new elements here are the terms =;, which capture the efficiency gains from outsourcing
either domestically or abroad. Suppose Ax; = 0 (and hence vy ; = 0) for all k£ and i, so that
no intermediates are available and a firm will use its own workers for task k£ with probability

1. As a result, Z; = 1 for all 7 and hence T,, = Zf\il T; (@idm-)fe for all n, as in EKK (2011).

2.5 Intermediate Sales

Given a firm’s cost ¢, its final sales in a market ¢ are deterministic, as given by (8). Its

intermediate sales depend on its number of buyers and on how much each one buys, both of

1

which are random. We denote its expected intermediate sales as x; (c), equal to its expected
number of customers times its expected sales per customer.

How many buyers in country ¢ will a seller with unit cost ¢ there have? There are two
components, the number of encounters that she has with potential buyers, and the probability
of making a sale conditional on an encounter.

For meetings to balance, the number of potential buyers for input k& that a seller encounters
is distributed Poisson with parameter \;;m;;, since there are m;; buyers (since they must be
producing in i) for each seller (which is any firm selling in 7).

Given that a seller has matched with a potential buyer, what is the probability that she
makes a sale? First, her unit cost ¢ has to lie below the wage wy ;. We denote that event by

the indicator function 0(c < wy;). Second, ¢ has to be less than the unit costs of all of the

competitors. That probability is simply:
1 — Gy,i(c) = exp (—l/k,ice) = exp [—/\;w- (c/Ei)e]

Hence the number of buyers of input £ in country ¢ for a seller with cost ¢ is distributed

10



Poisson with parameter:
A]w'(C) = Wii)\k,i exXp [_)\k,i (C/Ei)e] (5 [C S w;m»] .

Not surprisingly, this parameter, which is the expected number of customers, falls with c.
Note how the effect of \;; is nonmonotonic. At \;; = 0, meeting a intermediate customer is
impossible, so the number of customers is zero. Increasing A;; from zero initially increases
the expected number of customers. But at some point, further increases in \;; mean that
a seller is more likely to be beat out by lower cost rivals, reducing the expected number of
customers per firm.

We now turn to intermediate sales per buyer in country i, which depend on the buyer’s
final and intermediate sales in each destination country n.

Consider sales of input k to a buyer with unit production cost ¢’. The buyer enters country
n if dd,; < ¢,, in which case its final sales there are x (c d,;) and its expected intermediate
sales are z1(c/d,;).

Integrating over the distribution of costs ¢ for active buyers in i, we get an expression for

expected intermediate sales of input k for a seller in ¢ with unit cost c:

Cn/dni
1i(c) = Api(0) By, Z/ ( G dm) + x,, (c’dm')) o, (c Nt

Changing the variable of integration from ¢ to ¢’ = d,,;¢’ yields:

2 (0) = Apale Bkz / ( ) x;(c")) (dnit) " 0 () de"

which simplifies to




where:

zl = / 2L () 0e? () ad.
0

Aggregating across sales of the different inputs:

K K N ) o
C Cn T,
zi(e) = Y whale) = Y midebiexp [~ hale/@) ] 0 e < wii) (Ed ) <% + xi)
k=1 k=1 — d,.;
Finally, integrating over the distribution of costs for firms selling in i:
T / i (c)fe; *?de
0
S A @ o :L‘C Ci
- kz;m)\k,iﬁk ; (@C;n) (%n + xé) /0 exp [—)\k,z(c/@)e] 0 e < wi) 06 de
S - C o .fc I Wi 4
;W Bk; (Eidm> (m + x") /O ki(C)

N N
Cn x I L
ii - — 1-57), 12
ﬂZ(Cid.) mw)( 87) (12)
where:

K
BE =3 Bexp [—A,m- (wei/e)’ ] . (13)

k=1
The term 7 is the total share of labor in manufacturing production costs. Note how it

declines as the wage rises.

2.6 Aggregate Manufacturing Inputs

Having solved for the expected intermediate sales of a typical firm selling in ¢ we now turn to
total spending on intermediates and on manufacturing labor there.
Total intermediate sales in country i, X/ is the product of expected intermediate sales per

firm z!, given in (12), and the measure of firms selling in country i, 1, (c;):

I _ —0,.1

12



Substituting in (13):

Writing the set of equations as a system lets us solve for intermediate demand as a function

of final demand:

g

X' = Tl Iy (1 —87) ' (I — B X

8" [In —n' (Iy—B")] ' 7'X° (14)

where X! = (X1, X!, .., XL), X© = (X¢, XS, ..., X§), B is a diagonal matrix with -
on the diagonal, 7 is a matrix with representative element ,;, and Iy is an N-dimensional

identity matrix.?

3The second equality in (14) follows from:

IN—UN—MMJAUN—ﬁﬂ :[uN—ﬁﬂ%@N—aNﬂ#h)TI

-]

[(In =71y —B")) Iy = 857

- (In-8Y [IN (I —gL)} o

This second formulation is immediate if we start with the system of equation for total variable costs V:

1XS + (1 - ﬂﬁ)vnil )

N
V; = Zﬂ-ni |:U
n=1

which can be expressed in matrix notation as

-1

v="2 Q) [IN —n (IN—ﬂL)] 7' XC.

13



This expression gives us intermediate absorption of manufactures around the world as
a function of the final demand for manufactures around the world. Similarly, spending on
manufacturing labor HM is:

g =7~ lﬁL [Ty —7' (In—B")] ' #'XC° (15)

Now we turn to the determination of final demand and overall equilibrium.

2.7 Manufacturing Profits

We can also relate profits earned in each source country ¢ to consumption of manufactures
around the world. We begin by considering profits generated in each destination country n
without regard to who has claims to them. Variable profits generated in n are simply X¢ /o
from which we need to subtract entry costs.

Using the expression (11) for the measure of entrants, total fixed costs from entry in market

n are:
. 0—(c—1 Xf
Bopy(7) = 7= D K (16)

so that total net profits generated are:

XnC_Q—(U—l)Xgv (c —1)XC¢

o 0 o X}

Since a fraction m,; of those net profits flow to country 7, we have

N
(0 —1)XC¢
II; = v
2T g
which we can write in matrix form as:
—1
m= =Y xe (17)

of

14



where II = (I1, IIo, ..., IIy)".

2.8 The Specification of the Search Function

We assume that in each destination n the parameter of the Poisson arrival of price quotes is

proportional to the measure of active sellers:
/\k,n - j\k,nﬂn(én> - S\k,nTTLEf“

and hence

Vin = >\k: nTna

where the parameter /_\k,n determines the rate of contacts for task k in country n.*

We can solve for the vector of T,, from the system of equations:
N K . ) )

T, = ZTz (Widn:) H [G_Ti/\k’i(wk’i)g + (Ti)\k7i(wk7i)9)ﬂk V(L= B, Tide(wrs)’)| . (18)
i=1 k=1

forn =1,..., N. The appendix describes an iterative procedure to solve this system. To show
that a unique finite solution exists, we assume that in each country, there exists at least one

task k, with 5, > 0, such that S\k,n =0.

2.9 General Equilibrium

Consumers spend a share a of their income on manufactures. The rest is spend on nonmanu-
factures, which are produced with only labor. Hence spending on manufactures in country n

is simply a fraction « of final aggregate spending X*:

C_ yA
X, =aX,,

1This specification avoids the implication of treating Ay, as a parameter that finding a low price quote is

less likely in an economy with more sellers.

15



where aggregate spending is equal to the sum of labor income, profit income II,,, and the overall
deficit D,,. Labor income is generated in three sectors: manufacturing ¥, nonmanufacturing
HY and in fixed cost activities HI".

Labor income in manufacturing is given in (15) while profits are given by (17). Labor

income in nonmanufacturing is:

HY = (1—-a)X* - DY

n n

where DY is the deficit in nonmanufactures. We assume that local labor is the only component
of fixed costs, so that HY is given by (16).
Hence we can write:

X} =HY+H)Y +HF +11, + D,

where D,, is the overall deficit, which we treat as exogenous.

To complete the specification of the model, we assume constant labor requirements to
perform fixed-cost services al” and to produce nonmanufactures a”. Thus, the cost of entry
into market n is

E, =afw?

n n’

and, if country n produces nonmanufactures in equilibrium, the price of nonmanufactures
there is

N _ N, N
Pn _anwn7

where w? is the wage for labor in sector s € {M, F, N}. We now turn to the determination of

these wages.

16



Aggregating over tasks, total manufacturing production labor income in country 1 is:
K
w LY = Zwk,iLkm
k=1

where

K
L' =Y L.
k=1

If labor is mobile between tasks then wy; = wM, while if it is immobile:
K
Ly,
w;! = Z L—ﬁwk7i,
(2

k=1

with Ly, fixed. Employment by task (in the case of labor mobility) or the task specific wage

(in the case of immobile labor) is determined by the share equations:

wiile;  Brexp [~ Aei(wii/c)’]

wMLM K ’
Z B exp [—Aw (wk',z‘/@)e]
k=1

We can proceed for now without taking a stand on whether labor is mobile across tasks.
The aggregate labor force is in fixed supply, L;. Labor can be employed in manufacturing

production, fixed-cost activities, or nonmanufacturing:
Li=LY+ LF+ LY.

We consider only settings in which equilibrium employment in nonmanufacturing is strictly
positive in each country.

Labor income in sector s € {M, F, N} is thus

HE = wiL:.

Aggregate income (GDP) is:

VA =XA—D;=wMLM + wl LF + 0N LY +11,.

17



We now turn to simulations of the model in which we make particular assumptions about

sectoral mobility of labor and tradability of nonmanufactures.

3 Simulations

We simulate the model to gauge the effect of lower trade barriers on the wages of workers who
differ in their exposure to outsourcing. So far we limit ourselves to a symmetric two country
case (and hence drop country subscripts in what follows).

We assume that nonmanufactures are not traded and that trade in manufactures is bal-
anced D = 0. We resolve the indeterminacy of the wage level by normalizing world labor
income to 1.

We consider three types of labor: nonmanufacturing, skilled, and unskilled. Nonmanu-
facturing labor produces nonmanufactures and also performs fixed-cost services (thus corre-
sponding to LY + L¥ in the notation above). This type of labor is perfect mobile between
these two activities. Manufacturing labor LY is segmented into skilled and unskilled workers,
with no mobility between these skill levels. We assume that the tasks performed by skilled
workers are less likely to be outsourced than the tasks performed by unskilled workers.

To keep things as stark as possible, we consider only K = 3 tasks. The first £ = 1 is not
subject to outsourcing, and is carried out by a nonmanufactured intermediate (hence w; is
proportional to the nonmanufacturing wage). The second k = 2 is the skilled task (hence wy
is the skilled wage) and the third k£ = 3 is the unskilled task (hence ws is the unskilled wage).

The parameter settings are listed Table 1. A few of the values require some explanation.

The share of manufactures in preferences is 60 percent, far larger than the share of manu-

18



factures in GDP. The reason is that a major use of nonmanufactures (in the model) is as
an input to manufactures. We set the share of nonmanufactured intermediates to 40 percent
of manufacturing production costs, as can be seen near the bottom of the table. This large
share captures, in a crude way, the fact that almost no manufacturing firms (at least in the
French data) have an intermediate share of production costs below 40 percent. Finally, note
that skilled and unskilled workers are treated symmetrically (with the same labor supply and
task share) except that the outsourcing parameter is two orders of magnitude higher for the
unskilled, as can be seen at the bottom of the table.

The results are shown in Table 2. Start with the first column, in which the iceberg cost of
d = 4 leaves the countries nearly in autarky (the import share is 0.002, which rounds 0.00 in
the table). Even with little access to imported intermediates, 70 percent of firms outsource
unskilled tasks to other domestic firms. Since only 13 percent of firms outsource skilled tasks,
labor market equilibrium demands a lower wage for the unskilled (a skill premium of nearly
3). Due to manufacturing’s heavy use of nonmanufactured intermediates, manufacturing value
added is only 31 percent of GDP, which contrasts with the 60 percent share of manufactures
in consumption).

Moving to the right along the rows of Table 2 illustrates the effect of globalization. (The
last column assumes frictionless trade, with an import share of 50 percent.) All the outcomes
in the table are strictly monotonic in trade costs (rounding makes some inequalities appear
weak). The first two rows show that globalization leads to a declining cost threshold for
entrants (tougher competition), with only a slight reduction in the number of active firms

in each market. Lower cost intermediates, both imported and domestic, make outsourcing a

19



more attractive option. The fraction of skilled tasks outsourced rises from 13 to 27 percent
(70 to 78 percent for unskilled). The skill premium rises by 13 percent.

The real wages of the unskilled workers actually decline with globablization. While these
workers benefit from lower prices of consumption goods, lower prices of intermediates put
downward pressure on their wages. Skilled workers face a low enough threat from outsourcing
that their real wage rises. Since the nonmanufacturing workers are totally insulated from
outsourcing, they obtain the greatest benefit from globalization. Their high wage feeds into
high price for nonmanufactured consumption goods in the face of globalization, contributing
to the real wage decline for unskilled workers. Aggregating over the winners and losers,
globalization raises overall welfare by 14 percent.

In addition to the distributional effects of globalization, the model also captures the way
in which globalization hollows out the manufacturing sector. This hollowing out is associated
with only a small decline in the share of manufacturing value added in GDP, however. The
striking feature is instead the share of manufacturing value added in manufacturing gross
production, which fall from 44 percent to 38 percent. Thus hollowing out is associated with

a rise in total manufacturing gross output rather than a fall in value added.
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A Appendix: Computing T

Here we discuss an algorithm for computing 7.

A.1 Simplest Case

We start with the simplest case of K =1 and N = 1 so that T is the fixed point
T = f(7),

of the function f defined as:

where
A=Tw?,
30
Uy = )\1UJ17
and

U]
(1 = By, zuq) =/ y Prevdy
0

The derivative is

f(z) = A% (zu1)" y(1 = By, zuy) > 0.
Assuming 3, < 1, for large = we have

B1 —
o 1) _ A0 =00 g

Furthermore, note that f(0) = A > 0. Thus, for f; < 1 we know there is a strictly positive

fixed point.
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If we can show that f/'(z) < 1 when evaluated at a fixed point z = T, then we will know

that the fixed point is unique. Evaluating the derivative at the fixed point we get:

T — AeTvi

f/(T) =5 T

<1,

since Ae= ™7 > 0 and By < 1.

We can compute the fixed point by iterating on:

Tn = f(xnfl%
starting with o = 0. Our approximation is justified, since:

T = lim z,.

n—oo

This result also give us the comparative statics. We have that T is increasing in A (higher
technology or lower average wage) and in u; (higher arival of price quotes or higher wage in
this task).

We can get a crude approximation Y for T by setting the exponentially declining term

e~ to zero and replacing the incomplete by the complete gamma function. Thus
~ ~ \0
T=ATw) " ~(1-p)

so that

= (it - )

A.2 Multiple Tasks

We now consider an arbitary K > 1, showing that the results of the simplest case all go
through under a particular restriction on the 3,’s. In the case of multiple tasks, T is the fixed
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point

T = f(7),

of the function f defined as:

where
A=Tw"
and
10
Uk = )\kwka

Suppose that A\, = 0 and hence u, = 0 for some task for which 3, > 0. Without loss of
generality, let this protected task be £ = K. In this case, we can simply drop this task from
the definition of f(z). More generally, suppose u; = 0 for all & > K*. We can then work
with:

H[ g ) 51— By )] (19

The point of this formulation is that:

K* K
Zﬁk < Z Br =1,
k=1 k=1

which is a restriction that we will need to impose. In what follows, we will work directly with

(19), imposing this restriction.

The derivative of (19) is
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flx) = AZﬁkuk pur) (1= By zw) [ | [e 5 4 ()% (1 —/3@95“]')]
J#k

- AZ Y(1 = By, wug) H [e‘“j + (xuj)ﬁj (1 -5, xu])} ;

J#k

which is positive. For large x we have

k _ K* ~
i 20 AT s e ) - o

e k=1 k=1
As in the simplest case f(0) = A > 0. Thus, we know there is a strictly positive fixed point.

Evaluating (19) at the fixed point = T, we have:

B
Y

ﬂk T o Yuy

e

(Yup) (1 = By, Tuy) =

This expression allows us to write the derivative, evaluated at the fixed point, as:

T ,

00 = —e T T () (1= B, Ty

" ;T AT] [+ (P a1 =g ¥w)] Ll oot = o
J#k

K* —Yuyg
= 25 (1 -4
k=1

The term in round brackets is positive and less than one since:

11 [e_T“j + (Tuy)™ y(1 = @,Tuj)}) : (2

i#k

G*Tuk e*T’uk

H [e‘T”j + (Tuj)ﬁj (1= 8;, Tuj)] = < 1.

A
i oo 4 (w71~ By T

Thus (20) is simply a sum of terms, each one of which is less than /3. Since Z?Zl Br < 1,
we get the result that f'(T) < 1. It follows that there is a unique fixed point, which we can
compute using an iterative procedure.
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The simple approximation Y of the fixed point now satisfies:

HU (1—Br)

so that .
1/(1-2i, 8
(A H uby(1 = By) ) .

A.3 Multiple Countries

We now generalize the multiple-task case to allow for an arbitrary number of countries, N > 1.

Similar to the one-country case, we assume:

K* K
k=1 k=1

where, in each country 1, Xk,i =0 for all £k > K*.

With multiple countries, Y is an N by 1 vector satisfying the fixed point
Y = f(Y),

which the n’th element is:

N K*

fu(z) = ZAM H [e_mi“k’i + (inuk,i)Bk V(1 = By, xiug) |

1=1 k=1

where

and

3 0
Uk; = )\kyiwkji.

Consider the approximation to the fixed point, with each element T the same:

1/ (1-5 81)
T = (maX{ZAmHuszy (1—-75;) })
=1
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[*** To be completed ***|

B Appendix: Derivation of Intermediate Sales

Here we go into details about our derivation of the expected intermediate sales of a seller of
type s with unit cost ¢. Having found a buyer of type s’ seeking to replace its k’th input,
the seller will replace labor paid a wage wy. The buyer’s partial cost (that is, for its tasks
other than k) is b_j» = (wg) o H (min {wy, p},})*'. A buyer for input k of type s’ has

k' £k
efficiency Z which is distributed:

Pr[Z <z =1- <ﬁ>_e

Here z,(Cy, ¢) is the lowest efficiency that any active buyer of type s buying input k& from a

seller with unit cost ¢ can have, given that the cost cutoff for the buyer is ¢y. Thus:

b*k,s’cﬁk’sl

2, (Csry ) = o
The buyer’s demand for the intermediate depends both on its final and its own intermediate
sales. Given the buyer’s unit cost ¢’ its sales are just as in Melitz. But the buyer’s intermediate
sales depend on its encounters with buyers. We define the expected intermediate sales of a
buyer of type s’ with unit cost ¢ as 2%/ (¢/).
Using 2/ (/) we can then write an expression for the expected intermediate sales of a seller
with unit cost ¢ to buyers of type s’ for input &, conditioning on b_, as:

1 X mb_p ¢ Prst e b_k.s Brs _0—
() *my<_ﬁii_>]9@Aauof@valdx

o0

ﬁﬂ@zmw@%g/

= pl— / /
2k (ES/,C) m P 7 z z
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We implement the change of variable:

;) bfk,s'cﬂlﬁs/

Zl

so that:

/ b—k,s’ P b—k,s’cﬂk’sl

and therefore dz’ =

o' X —0 / —— N /
= Ml [ [ (7 ()] 07 ¢
0
. 0 X 10
- Ak s’(c)ﬁk s |:m 0 — (O‘ — 1) pPl-o (CS'>1 +QZ’£;4:| ’
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Table 1: Parameter Settings for Counterfactual

Parameter symbol value
Entry cost labor requirement aF 0.0001
Nonmanufacturing labor requirement aN 1
Manufactures share in preferences alpha 0.6
Elasticity of substitution in preferences sigma 4
Pareto parameter theta 4.5
Technology level T 1
Labor force (per country) L 0.5
Labor by type (fractions of labor force):
Nonmanufacturing 0.8
Mfg. skilled 0.1
Mfg. unskilled 0.1
Task shares: beta
Nonmanufacturing intermediates 0.4
Skilled 0.3
Unskilled 0.3
Outsourcing parameters: lambda_bar
Nonmanufacturing intermediates 0
Skilled 0.01

Unskilled 10




Table 2: Counterfactual Results

Level of iceberg trade cost

d=4 d=2 d=1.5 d=1.1 d=1
Measure of entrants 289.81 289.36  288.16 283.66 280.90
Cost threshold for entry 3.38 3.33 3.21 2.81 2.61
Mfg. value added share :
Share of GDP 0.31 0.31 0.31 0.29 0.29
Share of mfg. gross production 0.44 0.44 0.43 0.40 0.38
Fraction of tasks outsourced:
Skilled 0.13 0.14 0.16 0.23 0.27
Unskilled 0.70 0.71 0.71 0.76 0.78
Labor share of mfg. variable cost:
Skilled 0.26 0.26 0.25 0.23 0.22
Unskilled 0.09 0.09 0.08 0.07 0.07
Import share 0.00 0.04 0.14 0.39 0.50
Wage:
Nonmanufacturing 0.96 0.96 0.96 0.98 0.99
Skilled 1.73 1.73 1.71 1.65 1.60
Unskilled 0.60 0.59 0.58 0.52 0.49
Skill premium (skilled/unskilled) 2.89 2.92 2.98 3.17 3.27
Real wage:
Nonmanufacturing 1.82 1.84 1.88 2.05 2.15
Skilled 3.29 3.30 3.34 3.44 3.48
Unskilled 1.14 1.13 1.12 1.08 1.06
Welfare (real per capita consumption) 2.11 2.12 2.17 2.32 2.41

1. Total payments to labor around the world are normalized to 1.
2. Nonmanufacturing labor provides fixed cost services.



