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Abstract

We generalize the Antras and Helpman (2004) model of the international organization of
production in order to accommodate varying degrees of contractual frictions. In particular, we
allow the degree of contractibility to vary across inputs and countries. A continuum of firms
with heterogeneous productivities decide whether to integrate or outsource the production of
intermediate inputs, and from which country to source them. Final-good producers and their
suppliers make relationship-specific investments which are only partially contractible, both in
an integrated firm and in an arm’s-length relationship. We describe equilibria in which firms
with different productivity levels choose different ownership structures and supplier locations,
and then study the effects of changes in the quality of contractual institutions on the relative
prevalence of these organizational forms. Better contracting institutions in the South raise the
prevalence of offshoring, but may reduce the relative prevalence of FDI or foreign outsourcing.
The impact on the composition of offshoring depends on whether the institutional improvement
affects disproportionately the contractibility of a particular input. A key message of the paper
is that improvements in the contractibility of inputs controlled by final-good producers have

different effects than improvements in the contractibility of inputs controlled by suppliers.
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1 Introduction

Insights from neoclassical trade theory and new trade theory have improved our understanding of
the structure of foreign trade and investment. Recent developments in the world economy have
sparked, however, an increased interest in new theoretical approaches designed to better understand
the evidence about firms that organize production on a global scale. These developments include
the growing role of multinational corporations in the global economy,' their engagement in more
complex integration strategies,? and the growing share of intermediate inputs in trade flows.?

Although traditional theories allow for trade in intermediate inputs and for the emergence
of international production networks,® they cannot explain some newly observed phenomena.’
First, while the traditional approaches assume that firms are (for the most part) symmetrically
structured within industries, the data exhibit substantial within-industry heterogeneity, both in
the size distribution of firms and in their participation in foreign trade. Second, in developing
global sourcing strategies firms decide on where to locate the production of different parts of their
value chains and also on the extent of their control over these activities. Which activities should they
locate in the home country and which should they offshore? If they choose to offshore, should they
engage in foreign direct investment (FDI) and import intermediate inputs within their boundaries
or should they outsource the production of intermediates to independent foreign suppliers? As
is well known from the work of Coase (1937), Williamson (1975, 1985), and Grossman and Hart
(1986), these questions cannot be answered in a complete-contracting framework of the type used
in traditional theories of international trade.

In Antras and Helpman (2004) we developed a simple two-country Ricardian model of inter-
national trade in order to address some of these issues. In our model, firms in the North develop
differentiated products. Then they decide whether to integrate the production of intermediates or
outsource them. In either case firms have to decide in which country to source these inputs, in the
high-cost North or the low-cost South. Production entails relationship-specific investments by both
the final-good producers (or product developers) and their suppliers, and we assumed that the na-
ture of these investments does not enable the parties to specify them in an enforceable contract. As
in the work of Grossman and Hart (1986), we envisioned a world in which incomplete contracting
creates inefficiencies even when the production of intermediate inputs is carried out by integrated
suppliers. The key difference between integration and outsourcing is that only the former gives the

final-good producer property rights over the fruits of the relationship-specific investments.

'The gross product (value-added) of multinational firms is roughly 25 percent of world GDP (UNCTAD, 2000).
Leaving out the value-added generated by parent firms, about 10 percent of world GDP is accounted for by foreign
affiliates, and this ratio has been increasing over time.

?See UNCTAD (1998) and Feinberg and Keane (2003).

#See for instance Hummels, Ishii and Yi (2001) and Yeats (2001). Feenstra and Hanson (1996) estimate that the
share of imported intermediates increased from 5.3% of total U.S. intermediate purchases in 1972 to 11.6% in 1990.
Campa and Goldberg (1997) find similar evidence for Canada and the U.K., but not for Japan.

*See Helpman and Krugman (1985, Chapters 11-13) and Jones (2000).

See Helpman (2006) for a review of the newly observed phenomena and theoretical attempts to explain them.

See Bernard and Jensen (1999) or Bernard et al. (2003) for evidence on heterogeneity in the exporting decision,
and Bernard, Redding and Schott (2005) for evidence on heterogeneity in the importing decision.



Our model focused on the choices between integration and outsourcing and between domes-
tic sourcing and foreign sourcing. In particular, we described an equilibrium in which firms with
different productivity levels choose among the four feasible organizational modes: domestic out-
sourcing, domestic integration, foreign outsourcing (and thus imports of intermediate inputs at
arm’s length), and foreign integration (and thus FDI and intrafirm imports of inputs). We then
studied the effects of variations in country and industry characteristics on the relative prevalence
of these organizational forms.

In this paper we generalize the Antras and Helpman (2004) model to accommodate varying
degrees of contractual frictions.” In particular, we adopt the formulation of partial contracting
from Acemoglu, Antras and Helpman (2006). Final-good producers and their suppliers undertake
a continuum of relationship-specific activities aimed at producing an intermediate input used in
the production of the final good. A fraction of these activities is ex-ante contractible while the rest
cannot be verified by a court of law and therefore are noncontractible. Both parties are bound to
perform their duties in the contractible activities, but they are free to choose how much they invest
in the noncontractible activities. Moreover, a party can withhold its noncontractible services at the
bargaining stage over the division of surplus if it is not satisfied with the outcome. Every party’s
expected payoff in the bargaining game determines its willingness to invest in the noncontractible
activities. Suppliers of intermediate inputs do not expect to receive the full marginal return from
their investment in noncontractible activities, and therefore tend to underinvest in these activities
relative to a complete-contracting benchmark. The larger the fraction of noncontractible activities
is, the larger the distortions in production are.

We allow the degree of contractibility to vary across inputs and countries.® As in Antras and
Helpman (2004), we describe equilibria in which firms with different productivity levels choose
different ownership structures and supplier locations. We then study the effects of changes in the
quality of contracting institutions on the relative prevalence of these organizational forms.

We begin the analysis with a closed economy in which an organizational choice boils down to
outsourcing versus integration. We show that, as in our previous work, the relative importance of
the inputs provided by different parties is a crucial determinant of the “make-or-buy” decision.? In
particular, regardless of the degree of contractibility of the inputs, integration is profit-maximizing
if and only if the production process is sufficiently intensive in the input provided by the final-good
producer. The new interesting result is that the degree of contractibility of different inputs plays
a central role in the integration decision. Improvements in the contractibility of an input provided

by the final-good producer encourage outsourcing while improvements in the contractibility of

"Using data on the activities of U.S. multinational firms, Yeaple (2006) presents evidence supporting some salient
cross-industry implications of our model. In particular, he finds that the share of intrafirm imports in total U.S.
imports (a measure of the relative prevalence of FDI over foreign outsourcing) is higher in industries with high R&D
intensity and high productivity dispersion. Although the generalized model developed in this paper also implies
a positive correlation between the share of intrafirm trade and productivity dispersion, it implies a more nuanced
correlation with R&D intensity.

8But we maintain the standard assumption that the set of available contracts does not vary with firm boundaries.

9See also Grossman and Hart (1986) and Antras (2003, 2005).



an input provided by a supplier encourage integration. This contrasts with the transaction-costs
literature (e.g., Williamson, 1975, 1985), where any type of contractual improvement tends to favor
outsourcing.

We next extend the analysis to a two-country world in which final-good producers can contract
with suppliers in their home country, North, or a foreign country, South. Wages are higher in
North, but North has better contracting institutions in the sense that larger fractions of activities
are contractible in North. Although final-good producers always locate in North and make their
investments there, we allow the contractibility of these investments to be a function of the location
of suppliers. This reflects the notion that certain clauses of a contract may be harder to enforce
when the contract governs an international transaction or when one of the parties resides in a
country with weaker contracting institutions.

Having constructed equilibria in which firms with different productivity levels sort into different
organizational forms, we proceed to study the effects of improvements in contractibility on the
relative prevalence of these organizational forms. We first derive the result that improvements in
contractibility in South raise the share of Northern firms that offshore the production of intermediate
inputs. In contrast, improvements in contractibility in North reduce the share of offshoring firms.
These results are in line with recent arguments that the quality of contracting institutions impacts
comparative advantage (see Helpman (2006) for a summary); the work of Nunn (2006) provides
empirical support.!?

We also show, however, that the effect that changes in contractibility have on the relative
prevalence of particular organizational forms depends importantly on the nature of the contrac-
tual improvements. In particular, better contracting in South, which raises offshoring, may reduce
the relative prevalence of FDI if the institutional improvement affects disproportionately the con-
tractibility of inputs provided by the final-good producer. And better contractibility in South may
reduce the share of firms engaged in offshore outsourcing when the contractual improvements are
biased toward inputs provided by suppliers rather than the final-good producer. One has to be
mindful of the impact that improvements in legal systems have on the contractibility of specific
inputs when predicting the prevalence of particular organizational forms.

The rest of the paper is organized as follows. Section 2 develops our model of the firm in the
presence of partial contracting. Section 3 studies the make-or-buy decision in a closed economy.

Section 4 extends the analysis to a two-country world. Section 5 concludes.

2 Technology and Investment

In this section we generalize the model of the firm that we developed in Antras and Helpman (2004)
in order to accommodate varying degrees of contractual frictions. For this purpose we first focus

on a single firm that produces a brand of a differentiated product, for which it faces a demand

'""Nunn’s (2006) estimates suggest that the impact of cross-country variation in contracting institutions on trade
flows is of the same order of magnitude as the impact of cross-country variation in human capital.



function
q= Ap_l/(l_o‘), 0<a<l,

where ¢ is quantity, p is price, A measures the demand level, and « is a parameter that controls
the demand elasticity; the larger « is the larger the elasticity of demand 1/ (1 — «) is. As is well
known, this form of demand results from constant elasticity-of-substitution preferences for brands

of a differentiated product. This demand function yields revenue
R = A7~ (1)

Output ¢ is produced with two inputs, headquarter services X; and an intermediate input X,,,

using a Cobb-Douglas production function

X Mh X Mm
q_0<nh> (nm) ) 0<77h<17 nmzl_nhv
h m

where 6 represents productivity, which may vary across firms, and 7;, is a parameter that measures
the technology’s headquarter intensity. As in Antras and Helpman (2004), both inputs are brand-
specific. That is, X} and X, have to be designed to precisely fit the needs of this brand; otherwise
the services derived from the inputs equal zero. Moreover, an input designed to fit this brand
cannot be usefully employed in the production of other brands of the product.

We follow Acemoglu, Antras and Helpman (2006) in assuming that each one of the specialized
inputs is produced with a set of activities indexed by points on the interval [0, 1], according to the

Cobb-Douglas production function

1
X; =exp {/ log x; (z)dz] , j=h,m,
0

where z; (7) is the investment in activity ¢ for input j. Investment in activities is input-specific:
they can be used only to produce the input for which they were designed. We assume that activities
connected with input j in the range [O,Mj], 0 < u; <1, 5= h,m, are contractible, in the sense
that the characteristics of these activities can be fully specified in advance in an enforceable ex-ante
contract. The remaining activities (,uj, 1] are not contractible.

The final-good producer has to supply headquarter services and she has to hire a supplier for
the intermediate input. The supplier of X, can be the firm’s employee or an outside agent. At this
point we put aside the question of whether the firm integrates the production of the intermediate
input or outsources it; we will deal with this question later. For now note that in either case
there is an agency problem, because by assumption the firm needs a supplier. The organizational
form determines (i) fixed costs, to be specified later; (ii) variable costs of investment ¢; per unit
xj (i) for j = h,m and i € [0, 1], where ¢, is borne by the final-good producer while ¢, is borne
by the supplier; (iii) the fractions of contractible activities u;, j = h,m; and (iv) the fraction

B € (0,1) of the revenue that the final-good producer obtains at the bargaining stage, and the



fraction f3,, = 1 — 3, of the revenue that the supplier of X,, obtains. We will discuss the details of
alternative organizational forms in due course.

The timing of events is as follows:

1. The final-good producer enters the industry and finds out her productivity level 6.
2. The final-good producer chooses to leave the industry or stay and produce.
3. If she chooses to stay, the final-good producer chooses an organizational form.

4. The final-good producer commits to invest {zp. (i)}:, in the contractible activities of head-
quarter services and she offers potential suppliers a contract, which stipulates the supplier’s
required investment in the contractible activities of the intermediate input {@, (i)}, and

an upfront payment of 7, to the supplier, which can be positive or negative.

5. A large pool of potential suppliers can earn income w,, and they are willing to accept the
firm’s contract if the payoff from supplying X,, is at least as large as w,,. This payoff consists
of the upfront payment 7, plus the fraction 3,, of the revenue that they expect to receive at
the bargaining stage, minus the cost of the inputs {z,, (i)};zo. Potential suppliers apply for

the firm’s contract and the firm chooses one supplier.

6. The supplier and the final-good producer simultaneously choose their investment levels z; (i) =
zjc (i) in the contractible activities i € [0, ,uj], j = h,m, as specified in the contract, and both
sides choose independently their remaining investment levels x,,; (i), i € (@, 1], j = h,m, in

the noncontractible activities.

7. Output

Mh Mm

exp [fol log xp, (7) di} exp [fol log T, (i) di
=0 ™ ; e

is sold and the resulting revenue is distributed between the final-good producer and the
supplier in proportions 3, and f3,,, respectively. (We will discuss the details of the bargaining

later on.)

We seek to characterize a symmetric subgame perfect equilibrium (SSPE) of this 7-stage game.
To characterize an SSPE of this game first consider stage 6, in which the final-good producer
and the supplier each choose their investment levels in the noncontractible activities. Using the

revenue function (1), the final-good producer’s problem is

1
max f3,A7%" — ch/ xp (1) di,

{on ()}, m



subject to equation (2), x; (i) = zj. () for the contractible activities, and given investment levels

Zm (1) in the supplier’s noncontractible activities. Similarly, the supplier’s problem is

1
max 3, A% — cm/ T (1) di,

{em ()}, m

subject to equation (2), x; (i) = xj. (i) for the contractible activities, and given investment levels
xp, (1) in the firm’s noncontractible activities. The Nash equilibrium of this noncooperative game

yields
Bin;
Cj

zj (i) = Tjn = <

for the noncontractible activities. It follows that the investment in noncontractible activities is

Jaft, for i€ (i1l g =hom 3

A 1—aw a pl-a, —an, —an e N\ A
xj () =af*A %, "y T | exp Z any log xy (1) di (4)
{=h,m 0
.\ l—awyg awp,
x<@”ﬁ (m%> . forie (uy 1], jk=hm, k#j,
Cj Ci

where wy = 1y (1 — py) for £ = h,m, and w = >, ,, we. Note that wj measures the importance
of the noncontractible activities of headquarter services in the production of the final good; it
represents the elasticity of output with respect to xp,. Similarly, w,, measures the importance of the
noncontractible activities of the intermediate input in the production of the final good; it represents
the elasticity of output with respect to z,,. These measures of the impact of the noncontractible
activities on the production of the final good play an important role in our applications of the model.
From the definition of wy, noncontractible activities of input ¢ are more important the larger the
weight 7, of input ¢ is in the production function and the smaller the fraction of contractible
activities u, is. That is, wy results from an interaction of technological features with contracting
frictions.

For stage 5 of the game to generate a non-empty set of applicants for the supply of X,, the
final-good producer needs to offer a contract that satisfies the suppliers’ participation constraint,
which is .

B R cm/o T (8) di + Ty > 0, (5)

where the left-hand side represents a supplier’s payoff from forming a relationship with the final-
good producer and the right-hand side represents his outside option before he forms this relation-
ship. In this participation constraint the investment levels in the noncontractible activities satisfy
equation (4); the investment levels in the contractible activities are z ;. (¢) for i € [0, uj], j=h,m,
as specified in the contract; and revenue R and output ¢ are given by (1) and (2), respectively.

In stage 3 the final-good producer chooses the contract to maximize her payoff
1
BrR — ch/ xp (1) di — T,
0

6



subject to (1), (2), the participation constraint (5), and the incentive compatibility constraints (4).
As long as there are no constraints on the upfront payment 7,,, the participation constraint is
satisfied with equality at the solution to this problem. Therefore we can solve the upfront payment
Tm from the participation constraint treated as an equality and substitute the result into the final-
good producer’s objective function. Under these circumstances the final-good producer’s choice of

contractible investments is the solution to

1 1

max w:R—ch/ ach(i)di—cm/ T, (1) di — Wiy,
{zn (D)o dzm (i)} 0 0

subject to the incentive compatibility constraints (4) and the revenue and output equations (1) and

(2). The solutions of z; (i) for i € [0, ,uj], J = h,m, yield the contractible investment levels x ;. (i)

for i € [0, uj], j = h,m. Using the first-order conditions of the maximization problem together

with (3) they can be expressed as

l -« ZZ:h,m Bowe

2, (6) = wjo = (

i

Cj

T o )aR, for i € [0, 5], 5= h,m. (6)

Comparing this equation with (3) we obtain:!!

Lemma 1 For every input j = h, m, investment in contractible activities is larger than investment

in noncontractible activities, i.e., xj. > Tjn, for j = h,m.

Evidently, when investment in contractible activities exceeds investment in noncontractible
activities the investment levels do not maximize overall profits, because the two types of investment
are equally costly. Moreover, the relative investment levels in the contractible activities, Zpe/Tme =
(nn/cn) | (0, /cm), are profit maximizing, while the relative investment levels in the noncontractible
activities, Tnn/Tmn = (Bn/Bm) (Mn/ch) | (Mm/cm), are not. The latter results from the fact that
each party’s return on its investment in noncontractible activities depends on its bargaining share
Bj, and these shares are not necessarily equal. If they are equal, there is no distortion in the
relative investment in noncontractible activities. Finally, note that the optimal investment levels
for a profit-maximizing firm are z; (i) = (nj / cj) aR for j = h,m. Therefore in the equilibrium the
noncontractible activities are underinvested and the contractible activities are overinvested relative
to the revenue level R.

This characterization of the contractible investment levels yields

QHGN QPN

’)”» 1+ 11—« rrl 11—«
zje = K. (J) k> , for j,k=h,m and k # j, (7)
Cj Cl
where
l—aw _1
K. = 1- aZZZh»m ,8[&)[ e aeaAl—an*aﬁhn*anm /anm am Bhnh K] T=a )
¢ 1—aw h " Cm Ch

"For a derivation of the profit function and proof of Lemma 1, see the Appendix.



This implies that the final-good producer’s profits are
T =270 — Wy, (8)

where © = 0°/(1=%) i5 an alternative measure of productivity, and

1
Bawmﬁawh 1 O[Z ﬁ " l-aw] 1=
Ny h l=h,m PL%L
)1—aw (9)

Z=(1-a)A |a%,  Men
(1—aw

is a derived parameter which is proportional to the demand level; it depends on the costs of inputs,
on the bargaining shares, and on the importance of contractual frictions for headquarter services
and intermediate inputs. As expected, the profits of the final-good producer are higher the higher
the demand level A is, the lower the costs of inputs ¢, and ¢, are, and the less attractive the
suppliers’ outside option w,, is. In addition, her profits are lower the larger wy or wy, is, which
implies that her profits are higher the larger the fraction of contractible activities in headquarter

services and/or in intermediate inputs is. These results are summarized in'?

Proposition 1 The profits of the final-good producer are decreasing in input costs c;j, j = h,m,

declining in the outside option of suppliers, wy,, and increasing in the shares of contractible activities

s Jj=nh,m.

Bearing in mind that 8,, = 1 — 3, note that profits are not monotonic in f;, rather they
are smallest when the revenue share of the final-good producer equals zero or one, and profits are
higher for intermediate values. So consider the shares f3;, and 3, that maximize profits. To find

them, we maximize
1—aw

BoemBan | 1—a > By :

l=h,m

subject to the constraint 8, = 1 — 3,,, and 3, € (0,1). The solution to this problem is unique; it

is given by

g — wj (1 — awy) — v/wpwm (1 — awp) (1 — awn,) for j,k =h,m, k# j; (10)
Wj — Wk

and it implies that (8} — B;,) (wp, — wm) > 0, with strict inequality holding when wy, # wy,. That
is, the final-good producer wants to give the supplier less than half the revenue if and only if
the noncontractible activities in m are less important than the noncontractible activities in h.
Moreover, 37 is increasing in w; and declining in wg, k # j, and 3}, = 8y, = 1/2 for wj, = wp. In
other words, the final-good producer wants to give the supplier lower shares of the revenue the less

important noncontractible activities in m are and the more important noncontractible activities in

12For proofs of Propositions 1, 2, and 3, see the Appendix.
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Figure 1: Bargaining shares and headquarter intensity

h are. Since w; = (1 — ,uj) 1;, it also implies that the final-good producer’s optimal 3}, is increasing
in 7y, declining in py,, and increasing in f,,. Finally, profits are rising with 3; for 0 < 3, < 8} and

declining with 8; for 85 < 8; < 1. These results are summarized in

Proposition 2 The optimal shares 35, and B, have the following properties:

(i) (B}, — Br,) (wh — wim) > 0, with strict inequality for wy, # wm, and G5, = By, = 1/2 for w,, = wp,.
(i1) B} is increasing in ny, declining in uy,, and increasing in (i, .

(iii) Profits are rising with B; for 0 < B; < B} and declining with 3; for 8; < B; <1, j = h,m.

We will use these results in the following analysis.

3 The Make-or-Buy Decision

We now consider the tradeoff between integration and outsourcing; that is, whether to make the
intermediate input in-house or outsource it to an outside supplier. In this section we focus on the
case in which both choices are made in the same country, say the home country of the final-good
producer. In this event input costs do not depend on the organizational form, nor do the degrees
of contractual friction.'> Moreover, the outside option of suppliers, w,,, does not depend on the
make-or-buy decision. Under the circumstances we can focus on differences in the revenue shares
B;. In view of part (iii) of Proposition 2 the final-good producer prefers organizational forms with
By, closer to G7.

130ne could, of course, allow I, to vary with the internalization decision, but we prefer to avoid this complication.



Figure 1 depicts (7, as a function of ;. In view of part (ii) of Proposition 2 this is an increasing
function, and it is easy to verify that §; approaches 0 when 7, — 0 and [} approaches 1 when
1, — 1, as shown in the figure.

Now consider what determines the share (3, under outsourcing and integration. In stage 7 of
the game the investment levels zy, (7) and z,, (i) are predetermined and therefore so are the input
levels X} and X,, of headquarter services and components. At this stage the supplier and the
final-good producer bargain over the distribution of revenue R that they will receive when the final
goods are sold in the market. Under outsourcing, X,, belongs to the supplier, while X}, belongs
to the final-good producer. If the bargaining fails, output ¢ equals zero and so does revenue.
Moreover, given the high specificity of these inputs, which have no value outside the relationship,
the outside option of every player equals zero. We assume that the parties engage in generalized
Nash bargaining with a bargaining weight 5 € (0,1) for the final-good producer and 1 — 3 € (0, 1)
for the supplier. Therefore the solution to the bargaining game, which gives every player his/her
outside option plus the bargaining weight times the ex-post gains from the relationship, delivers
the final-good producer the payoff 0 + 5 (R — 0 —0) = SR . Namely, it gives her the fraction g
of the revenue. By similar reasoning the supplier gets (1 — ) R. It follows from this analysis that

under outsourcing the final-good producer gets the fraction

Bro =B

of the revenue, while the supplier gets the fraction 3,,, =1 — .

Next consider integration. Under this arrangement the supplier is the final-good producer’s
employee and therefore the supplier does not own the intermediate input. As a result the outside
option of the supplier equals zero. Following Grossman and Hart (1986), we assume that in the
absence of the supplier’s cooperation the final-good producer, who owns both X} and X,,, cannot
produce as efficiently with these inputs on her own as she can with the cooperation of the supplier.
In particular, we assume that the final-good producer can produce on her own only a fraction
d € (0,1) of the output that she can produce with the cooperation of the supplier, i.e., d¢ instead
of g, where ¢ is given in (2). In these circumstances the revenue is J*R instead of R, where
R = A'79%¢® is the revenue generated by ¢ (see (1)). It follows that now the outside option of
the final-good producer is not zero but é*R, and this outside option is smaller the larger is the
efficiency loss from the departure of the supplier. As a result, the final-good producer’s payoff from
bargaining is 0“R + 5 (R — 6“R — 0) = ),y R, where

By =B+ (1 —pB)5*

is the share of the revenue accruing to the final-good producer. The supplier obtains the revenue
share 3,,,;y = 1 — ;. Evidently, 8 > 8 = B0, which means that the final-good producer gets a
larger share of the revenue under integration than under outsourcing. In what follows, our analysis

proceeds under the assumption that 8, > 3,,0.

10



Figure 1 depicts the revenue shares (3,5 and 7, and the headquarter intensities 7,7, and 7,5
for which each one of these shares maximizes profits. Part (iii) of Proposition 2 implies that all
firms with intensity below 7, prefer to outsource and all firms with intensity above 7, prefer to
integrate. By continuity, firms with intensity slightly above 7, also prefer to outsource and firms
with intensity slightly below 7, also prefer to integrate. And we show in the Appendix that a
unique critical intensity level exists between 7,7 and 7,5, denoted in the figure by 7., at which
a firm is just indifferent between outsourcing and integration. Firms with headquarter intensity
below 7, outsource and those with intensity above 7. integrate.!* This result is similar to our
result in Antras and Helpman (2004).

In order to study the impact of the quality of legal systems on industrial structure we need to
understand how contractual frictions affect the make-or-buy decision. To this end first consider an
improvement in contracting for intermediate inputs, reflected in an increase in p,,, the fraction of
contractible activities in the manufacturing of components. Part (ii) of Proposition 2 implies that
this raises the optimal revenue share ;. In Figure 1 this translates into an upward shift of the 37,
curve. As a result, the critical intensity levels 1, and 7,5 decline. We show in the Appendix that
the critical intensity level 7, also declines.'® The implication is that in response to improvements
in contracting possibilities for components, more firms, i.e., firms with a larger range of headquarter
intensities, choose to integrate. The reason is that with better contracting in intermediate inputs,
final-good producers are less dependent on the power of the incentives they can offer suppliers,
and for this reason outsourcing — which gives the suppliers stronger incentives than integration —
becomes less attractive.

Importantly, the opposite happens when contracting improves in headquarter services. In this
case part (ii) of Proposition 2 implies that the optimal revenue share 3, declines for every firm
and the cutoff 7, rises.' As a result firms with a larger range of headquarter intensities choose
outsourcing over integration. The reason is that with better contracting in headquarter services it
becomes more important to give suppliers better incentives, because contractual frictions now play
a relatively more important role in components. In response more firms choose outsourcing, which
gives the suppliers more powerful incentives.

These results are summarized in the following:

Proposition 3 Let fized and variable costs be the same under integration and outsourcing. Then:

(i) There exists a unique headquarter-intensity cutoff n,,. € (0,1) such that profits are higher under

""The last statement follows from the fact that the critical value 7, is unique, as we show in the Appendix.
Note that at this critical value profits (8) are the same when the firm outsources or integrates, which means that
the value of Z is the same under both organizational forms. Let Z (8,,7,) be the value of Z when the final good
producer receives a fraction 3, of the revenue and headquarter intensity is 7,. Then the definition of 3} implies that
Z (BrosMns) > Z Brvsnn) and Z (Bros M) < Z (Bpy,Mpg)- For this reason the continuity of the function Z (+)
implies that there exists a critical value 1, € (1,1, 7,5) such that Z (8,0, M4.) = Z (BrvsMne)- The uniqueness of
Npe Tesults from the fact that the ratio Z (8,0,1,) /Z (B,v, 1) is declining in n,,.

""This stems from the fact that the ratio Z(8,0,74)/Z (Buv>n,) (defined in the previous footnote), which is
declining in 7, at 1, = 1., also is declining in u,, at 7, = n,..

YThe last result stems from the fact that the ratio Z (8,0,1,) /Z (Bv»>Ns), Which is declining in 5, at 1, = 1.,
is increasing in p,, at n, = ;..
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outsourcing for n, < n,. and higher under integration for n, > 0y,
(ii) The cutoff n,. is higher the larger u;, is and the smaller p,, is.

This proposition implies that whenever sectors differ by headquarter intensity and organizational
choices do not affect fixed and variable costs, the make-or-buy decision does not depend on a firm’s
productivity, only on its sectoral affiliation. All firms in low headquarter intensity sectors choose
outsourcing and all firms in high headquarter intensity sectors choose integration. Moreover, the
fraction of sectors that choose integration is larger the larger is the fraction of contractible activities
in components and the smaller is the fraction of contractible activities in headquarter services.
We next examine the impact of fixed costs on the make-or-buy decision of firms with different
productivity levels. To this end suppose that there are different fixed costs of running an inte-
grated or an outsourcing enterprise, which we denote by Fy and Fp, respectively. Under these

circumstances we can replace the profit function (8) with
= 2;0 —w,, —F;, fori=0,V, (11)

where ¢ represents the organizational form, and Z; is the derived parameter Z when evaluated at
B, = B and the industry’s n;,. At this point we take variable costs ¢; and ¢, to be the same for
both organizational forms, and therefore for a given industry, Z; varies only with 3,;. Proposition
3 implies that Zp > Zy for n;,, < ny. and Zp < Zy for n;, > ..

Following Antras and Helpman (2004), we now assume that integration involves higher fixed
costs than outsourcing. Two opposing forces determine these costs. On the one hand managerial
overload is larger in an integrated enterprise, because management has to pay attention to many
more tasks. On the other hand there are economies of scope in management. If the managerial
overload imposes larger costs than the costs saved due to economies of scope then Fy, > Fp. In the
opposite case Fy < Fop.

For concreteness we assume Fy > Fp. Under the circumstances profits from outsourcing
are higher than profits from integration in all sectors with n; < 7., independently of a firm’s
productivity level. The profit function mp is depicted in Figure 2; it has an intercept at minus
wy, + Fo and a constant slope Zp. The resulting profits are negative for © < ©. For this reason
only firms with higher productivity manufacture in this industry. We also depict in this figure the
profit function from integration, 7y ; it has a lower intercept because Fy > Fp and a lower slope
because Zy < Zp. This shows that in industries with low headquarter intensity all profitable firms
outsource.

Figure 3 depicts the two profit functions 7o and 7y in a sector with high headquarter intensity.
Now the fixed costs still give outsourcing an advantage, as they did in the low headquarter intensity
sector. But this is partly offset by lower-power incentives to the supplier, which helps the final-good
producer (i.e., Zy > Zp). As a result, outsourcing dominates integration only for low-productivity

firms, those with © < ©0.17 It follows that firms with productivity below © do not produce, those

'"Note that in sectors with 7, close to 7, the cutoff ©¢ is strictly above @, but in sectors with 7, close to 1 it
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with productivity between © and ©¢ outsource, and firms with productivity above ©¢ integrate.
Our results on the choice of organizational forms by firms with different productivity levels are

summarized in

Proposition 4 Let variable costs be the same under integration and outsourcing and let fixzed costs
be higher under integration. Then:

(i) In every sector there exists a cutoff © such that firms with productivity below © do not produce.
(11) In a sector with n;, < Ny, all firms with productivity above © outsource.

(i1i) In a sector with n;, > ., there exists a cutoff ©o such that all firms with productivity above
this cutoff integrate. If this cutoff is above O, then all firms in the productivity range (©,00)

outsource.

This proposition shows how fixed-cost differences between organizational forms interact with pro-
ductivity differences across firms in shaping sectoral make-or-buy decisions. In economies with
higher fixed costs of integration, high-productivity firms integrate and low-productivity firms out-
source in sectors with high headquarter intensity. In sectors with low headquarter intensity all
firms outsource.

Now consider the impact of contractual frictions on the relative prevalence of integration and
outsourcing. Evidently, this analysis applies only to sectors with n; > 7., in which the two
organizational forms coexist. As in Antras and Helpman (2004), we measure the prevalence of an
organizational form by the fraction of firms that adopt it.

For this purpose let the cumulative distribution function of productivity be G (). Then in
sectors with ©p > © the fraction of firms that integrate is

1-G(©o)
oy = —————~.
1-G(©)
Next suppose that © is distributed Pareto with shape parameter x, so that!®
@ . K
G(@)Zl—( grl) for © > Opin > 0 and k > 2. (12)

Then o\ "
oy = | — .
<90>
It follows that the share of integrating firms is larger the larger the ratio ©/0¢ is. From the
definition of these cutoffs we find that

wm+FO

O = 70

can be below ©. In the latter case all profitable firms in the industry integrate.

"8 There is a productivity distribution of @, say G (-), and this distribution induces a distribution of © = go/(A=a)
G (-). When 6 is distributed Pareto with the shape parameter k then © is also distributed Pareto with the shape
parameter kK = ka/ (1 — ).
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Fy — F
0o = v—-o
Zy — Zo
Therefore oy is larger the larger the ratio Zy /Zp is. We show in the Appendix that this ratio is
decreasing in pu; and increasing in pu,,. As a result, the share of outsourcing firms, which equals

1 — oy, is increasing in y; and declining in u,,. We therefore have

Proposition 5 Let variable costs be the same under integration and outsourcing and let fixed costs
be higher under integration. Then in sectors with n;, > 1. in which O > O the share of outsourcing

firms is increasing in py, and declining in p,, .

It follows from this proposition that larger contractual frictions in headquarter services encourage
integration and larger contractual frictions in components encourage outsourcing. For this reason
overall improvements in the quality of the legal system, which raise the fraction of contractible
activities in both headquarter services and components, may raise the relative prevalence of inte-
gration or outsourcing.'® A key insight from this proposition is that contractual improvements per
se do not bias the industrial structure toward outsourcing, because the differential impact of the
improvement on contractual frictions in the two inputs plays an important role.

Note that Proposition 5 describes the impact of variations in contractual frictions on the preva-
lence of outsourcing even when there are general equilibrium effects, as long as the general equilib-
rium feedbacks do no impact the relative cost ratio (w, + Fo) / (Fyv — Fop), because the unit costs
¢, and ¢, do not affect the Zy /Zp ratio, nor does the demand level A. It is therefore evident that
this proposition holds in the general equilibrium of a one-factor economy, in which the fixed costs
F;, i =0,V, and w,, are proportional to the price of the factor. In fact, in this case we can think

of w,, as the factor price.?"

4 Foreign Sourcing

Next consider foreign sourcing. We assume that the final-good producer is located in North, which
is a high-cost country. But North has good contracting institutions so the fraction of activities

that are contractible is larger in North. Now a firm is not required to source the intermediate

YTo clarify this point, let A be an index of the quality of a country’s legal system and let u,; (\), i = O,V be
increasing functions of this index. Then the marginal effects u; ()), i.e., the slopes of these functions, can differ
substantially. We have no theory to tell how they differ, and it is clear from our analysis that there are differences
that lead to a rise in the prevalence of outsourcing and other differences that lead to a rise in the prevalence of
integration. Moreover, the shift in industrial structure may depend on sectoral characteristics, such as headquarter
intensity. We show in the Appendix an example with p; (A\) = X for 4 = O,V in which the ratio Zy /Zo is rising in
A for i, = 0.4 and declining in A for i, = 0.5, where both these n,,’s are above 7.

20Tn our analysis we have assumed that Fyy > Fo. Suppose instead that the fixed costs of outsourcing are higher
than the fixed costs of integration. In this case we obtain the following results. First, in every sector there exists a
cutoff © such that firms with productivity below © do not produce. Second, in a sector with 1, > n,,, all firms with
productivity above © integrate. Third, in a sector with n, < n,. there exists a cutoff ©y such that all firms with
productivity above this cutoff outsource, and if ©y >0, then all firms in the productivity range (©,0yv) integrate.
Finally, in an industry in which some firms integrate and some firms outsource, we find that the share of outsourcing
firms is increasing in p;, and declining in pu,,, just as in Proposition 5. Hence, the effect of contractual frictions on
the relative prevalence of integration or outsourcing is independent of the ranking of fixed costs.
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input in its home country; it has a choice to source it in North or South. Unlike North, South
is a low-cost country, but its contracting institutions are weaker and therefore smaller fractions of
activities are contractible there. In what follows we denote with the superscript N variables that
are affiliated with North and superscript S variables that are affiliated with South. Our assumption
can therefore be represented by ,uév > ,uf for j = h,m.

In addition we assume that the final-good producer has to produce headquarter services in
North, but she can produce intermediate inputs in North or South, with cfl < c%. In either case,
i.e., independently of whether she produces components in North or South, she has the option
to do so in-house or to outsource. When she chooses integration in South she engages in foreign
direct investment (FDI). When she chooses outsourcing in South she engages in an arm’s-length
transaction. In the former case there is intrafirm imports of components; in the latter case there is
arm’s-length imports of components.

To simplify the analysis we assume that the revenue shares (;,;, « = O,V are the same in North
and South. As a result we can characterize the relative size of the cutoff 7,,., which now depends
on whether components are produced in North or South. The cutoff 772; is defined in the same way
as before; it represents the headquarter intensity at which the final-good producer is indifferent
between outsourcing and integration when the variable costs and fixed costs are the same in both
cases, and the contractual frictions uév , 7 = h,m, are those prevailing in North. In other words, nhNC
solves Z]OV = Z‘],V , where in computing these Zs we use equation (9) evaluated at Northern variable
costs. We have shown in the appendix that the ratio Z]OV /Z{/V does not depend on the variable costs
and that it declines in 7;,. As a result the solution to niLVC is unique.

We now define analogously nfc as the headquarter intensity measure at which Zg = 25, where

ZZ-S represents the derived parameter Z in equation (9) evaluated at the unit cost of headquarter
S

-, the Southern measure of contrac-

services in North, chN , the unit cost of components in South, ¢
tual friction for headquarter services, ,uf , and the Southern measure of contractual frictions for
components, . Now too the cutoff nfc does not depend on unit costs and the ratio Zg /Z{? is
declining in ;. As a result, the cutoff nfc is unique. The implication is that in industries with
N, < nﬁc we have Zg > 72, and in industries with n, > 772C we have Zg < Z{?. It then follows that
among the firms who choose to offshore the production of intermediate inputs, those with n;, < nfc
prefer to outsource, and those with n; > 772 . prefer to integrate, unless the fixed costs of integration
and outsourcing are not the same.

Note that the ratio Z5/Z¢ differs from Z5 /Z only as a result of the difference between uf and
,uj-v for j = h,m. In the previous section (see Appendix for a formal proof), we have established
that Zp/Zy is decreasing in p,, and increasing in p;. As a result, the lower contractibility of
components in South, u3, < 2, tends to make the ratio Z5/Zi higher than the ratio Z5 /Z{Y.
On the other hand, our formulation implies that foreign sourcing also reduces the contractibility of
headquarter services even though these are produced in North, ,uf < ,LLhN . The idea is that, as in
Antras (2005), all parts of a contract governing an international transaction are relatively harder to

enforce. The lower contractibility of headquarter services associated with offshoring tends to make
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the ratio Z3/Z{ lower than the ratio Z5 /Z{. Overall, whether Z3/Z; is higher or lower than
Z]OV /Z{,V depends on the relative magnitude of ,uhN — ,uf and pulN — ,uﬁl. Because it seems natural
that the contractibility of an intermediate input is disproportionately affected by the contracting
institutions of the country in which this input is produced, in the remainder of the paper we focus
on situations in which the difference uhN — uf is low relative to the difference pY — 12 . This allows

us to establish the following result:

Proposition 6 When uhN — u;? is sufficiently smaller than ul — us,, the cutoff n,. is higher when

components are produced in South than when they are produced in North; that is, 7726 > nth,

This proposition implies that when weak institutions in South have a stronger effect on the con-
tractibility of components than headquarter services, then more sectors find outsourcing advanta-

geous when they offshore than when they do not.?! A direct corollary of this proposition is

Corollary 1 When th fuf is sufficiently smaller than plY — uS | the slopes of the profit functions
satisfy:
(i) 28 > Z and ZY > ZY for n, < nl.
(i) 23 > Zi and Z5 < ZY for o, < n), < 3.
(iii) 235 < Z9 and Z5 < ZY for ny > 3.

We are now ready to characterize the joint offshoring and make-or-buy decisions. For this
purpose we assume, as we did in the previous section, that the fixed costs of integration are higher
than the fixed costs of outsourcing. Moreover, we assume that the fixed costs of offshoring are
higher than the fixed costs of producing at home. In addition, we make the somewhat stronger
assumption

FJ 4wy > FS+wd > FY 4wl > FY +wl.

In this ordering the fixed costs of doing business in South are substantially higher than the fixed
costs of doing business in North, and this difference overwhelms the South’s cost advantage in w,.

The resulting profit functions are

i =2{0 —wl, — F{, i=0,V, and {=N,5. (13)

)

As in Antras and Helpman (2004) it is now useful to study the equilibrium in sectors that differ
by headquarter intensity, n;,.
4.1 Low Headquarter Intensity Sector

First consider an industry with headquarter intensity 7, smaller than 77th' From Corollary 1 this

implies Zf) > Z{; for £ = N,S. Given that the overall fixed costs of integration w!, + F‘Z, are

2 Formally, the result follows from the fact that Z5/Z% is declining in 1, and p, and increasing in uf for £ = N, S.
Hence, by the implicit function theorem, ¢ is increasing in uf, and decreasing in p!,. For u) —u5 sufficiently smaller
than u% — ,ufu we thus have that nth < nfc.
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Figure 4: Profits from outsourcing when 7, < nth and Zg > Z]OV

higher than the overall fixed costs of outsourcing w?, + Fé, it follows that in an industry with this
headquarter intensity outsourcing dominates integration in North as well as in South, independently
of a firm’s productivity level, i.e., 7TZO > 7r€, for £ = N, S and all ©. Under the circumstances the
effective choice is between outsourcing at home and outsourcing in South. Since the fixed costs of
outsourcing in South are higher than the fixed costs of outsourcing in North, there is a tradeoff
between these two organizational forms only if Zg > Z]OV ; otherwise outsourcing in South dominates
outsourcing in North. But the slope differential between the two profit functions from outsourcing
is driven by two considerations. On the one hand the variable unit costs of producing components

are lower in South, i.e., ¢ > ¢, which raises Zg relative to Z]OV . On the other hand contractual

™
frictions are higher in South, i.e., ,uév > ,LL}S for 5 = h,m, which reduces Zg relative to Z]OV. In
other words, the marginal profitability from higher productivity can be higher or lower in South
depending on differences in unit costs and in contractual frictions.??> In industries with Zg < ZIOV ,
all firms outsource in North. In industries with Zg > 7Y, high-productivity firms outsource in
South.

Figure 4 depicts the tradeoff for Zg > Zg . Firms with productivity below © lose money either
way, and they do not produce. Firms with productivity between © and @g outsource in North,
and those with productivity above @g outsource in South. This sorting pattern is similar to Antras
and Helpman (2004), except that now the case Zg < ZJOV can also arise, in which all firms outsource
in North. Note also that in the case depicted in the figure it is possible that all firms will outsource
in South if © > OF; otherwise the two organizational forms coexist in the industry.

We now calculate the fraction of firms that outsource in South—that is, the fraction of firms

*2Tn Antras and Helpman (2004) we had no differences in contractual frictions, as a result of which we had z5 > 7§,
There the assumption was ,uﬁ- =0 for j =h,m,and £ =N, S.
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that offshore—assuming the Pareto distribution of productivity (12). This fraction is given by

where N N
Wy, + Fy

Q: )
z5

(14)

and

n_ (FS +wp) = (F§ +wy)
@O - .

(15)
z5-z5

It follows from these equations that O'g is larger the larger the ratio Zg /ZIOV is. Naturally, this ratio
is larger the larger the unit cost advantage of the South c;% /cN is. Moreover, from Proposition 1,
the ratio Zg / Zg is larger the larger is the fraction of contractible activities in South, either 3, or
uf , and the smaller is the fraction of contractible activities in North, either u or ,uhN . In summary,

we have

Proposition 7 Consider an industry with n;, < ﬁth- Then no firm integrates and there exists a
cutoff © given by (14) such that firms with productivity © < © do not produce. In addition:

(i) If Z5 < Z} then all firms with © > © outsource in North.

(ii) If Z5 > ZY then there exists a cutoff ©Y given by (15) such that all firms with © > O
outsource in South, and if @g > O then all firms with © € (@, @g) outsource in North.

(1i3) If @g > O then the fraction of offshoring firms is larger the larger are the fractions of con-

tractible activities in South and the smaller are the fractions of contractible activities in North.

A key implication of this proposition is that lower contractual frictions in South encourage off-
shoring, while lower contractual frictions in North discourage offshoring.

Although our emphasis in this paper is on the roles played by contractual frictions, it is use-
ful to note that two additional sectoral characteristics also affect the extent of foreign sourcing:
productivity dispersion and headquarter intensity. As to productivity dispersion, Helpman, Melitz
and Yeaple (2004) show that it varies substantially across sectors. We have a natural measure of
dispersion, embodied in the shape parameter x of the Pareto distribution; productivity dispersion
is larger the smaller this parameter is. It is evident from the formula for the share of offshoring
firms, O'(S) = (@ / @g )n, that this share is declining in x. Therefore, offshoring is more prevalent in
sectors with more productivity dispersion.

Next consider the impact of 17, on the extent of foreign sourcing. In Antras and Helpman (2004)
we found that offshoring is less prevalent in sectors with higher headquarter intensity. This is easily
generalized in the current model, in which contractual frictions vary across inputs and countries.

Suppose that contractual frictions vary across inputs but not across countries, i.e., ,u% = M,Sn = U,
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Figure 5: Profits from outsourcing and integration when 7, € (nth, 7750) and Zg > Z{,V

and ,uflv = uf = py,, but py, differs from p,,.2> Then

Zg B (C%>a(1nh)
zY -\ '
Since unit variable costs of components are lower in South, it follows that this ratio is lower in sectors
that are more headquarter intensive. Moreover, since O'g is increasing with the ratio Zg / Z]OV , We
conclude that outsourcing in South is less prevalent in sectors that are more headquarter intensive.
A novel feature of the more complex model is that this result may not hold when contractual
frictions vary across countries. To illustrate, consider the case in which uY = M;LV = ufb =1 and
,u;gn = (0. That is, there are no contractual frictions in North, there are no contractual frictions in
headquarter services in South, but no activities of components are contractible in South. Moreover,
let @ = 0.4, 8,0 = 0.2, and ¢l /c¥ = 1.1. Then the ratio Z3/Z% is declining in 7,. However,

replacing the revenue share 3, = 0.2 with 3, = 0.5 implies that the ratio Z3/Z} is increasing

in n;,.

4.2 Medium Headquarter Intensity Sector

We next consider an industry with 7, € (nfl\fc,nfc). Corollary 1 implies that in such an industry
outsourcing dominates integration in South, because Zg > Z{?, but in North integration dominates
outsourcing for high-productivity firms, because Z{/V > ZJOV . Figure 5 presents the profit functions
wg and 7r$ , which describe the tradeoffs in the make-or-buy decision of firms who choose to
manufacture components in North; the fixed costs are higher for integration while the marginal
profits from higher productivity are also higher from integration. The figure shows a cutoff © below

which firms lose money either way, and therefore they do not produce. Firms with productivity

?*Recall that in Antras and Helpman (2004) pf, = uj, = 0 for £ = N, S.
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[CHS (@, @g ) make higher profits from outsourcing, and firms with productivity above @g make
higher profits from integration. Naturally, if the fixed costs of integration are very low, such that
@g < O, then some low-productivity firms choose not to produce and all those who produce
integrate.

Figure 5 also shows a profit function from outsourcing in South, 72.2* The fixed costs of
outsourcing in South are higher than the fixed costs of integration in North. As a result, integration
in North dominates outsourcing in South for all ©® whenever Zg < Z{/V . In other words, if the impact
on profitability of the less favorable contractual environment in South is large enough, relative to the
South’s unit cost advantage ¢, /cX | so as to yield Zg < Z‘],V , then no firm in this industry offshores.
Instead the figure shows profits from outsourcing in South for Zg > Z‘]/V , which means that the
South’s unit cost advantage is large relative to its disadvantage in the contractual environment.
But the figure exhibits a case in which the ratio Zg/Z‘]/V > 1 is not too large, so that the cutoff, @g,
at which profits from integration in North just equal profits from outsourcing in South, is larger
than @g. In this event firms with productivity below © do not produce, those with © € (@, @g)
outsource in North, those with productivity © € (@N , @{\/]) integrate in North, and those with
higher productivity levels outsource in South. Also note that if Zg /Z‘J/V is higher, so as to imply
@g € (@, @g), then no firm integrates in North. In this case a cutoff exists between © and @g
such that firms between © and this cutoff outsource in North and firms above this cutoff outsource
in South.

We now focus on the case depicted in Figure 5, in which all three organizational forms that are
feasible for a headquarter intensity level of n;, € (nhNC, nf C) coexist, i.e., outsourcing in North, inte-
gration in North, and outsourcing in South. We wish to study the prevalence of these organizational

forms. The share of firms that outsource in South is

o = (%) (16)

where O is again given by (14) and

(7S +w8) = () + )

oY =
z3—Z¥

(17)
It follows that this share is larger the larger the ratio (Zg — Z{/V ) /Z]OV is. From Proposition 1 we
have that Zg is increasing in ,u}-g for j = h, m, while ZiN is increasing in [L;V forj=h,m,i=0,V.
In addition, the Zs corresponding to a particular sourcing location are not a function of the degree
of contractibility in the other country. We can thus conclude that offshoring, which takes the
form of outsourcing in our middle headquarter intensity sector, is more prevalent the better the

contractual environment in South is and the worse the contractual environment in North is.

24Gince outsourcing in South dominates integration in South, we do not show the profit function from integration
in South.
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The share of firms that outsource in North is

@ K
N o
s (8) s
o3
where N N
F — F
@g -V ‘0 (19)
ZN — 7}

S

Evidently, this share does not depend on contractual frictions in South (7,

or uy). As a result,
the share of firms that integrate in North, given by

(&) ()

or simply O'g =1- O'g — O'g, varies inversely with the share of firms that outsource in South and
is thus decreasing in 2 and Mf .

The effect of Northern contracting institutions on the shares O'g and a{y is more complicated.
First note that o is decreasing in the ratio Z{¥ /Z]OV , which in turn is increasing in p and decreas-
ing in ,u,]lv . Hence, unlike in our low headquarter intensity sector, an improvement in contracting
institutions in North does not always lead to more firms outsourcing in North. The nature of this
contracting improvement in North is important for the direction of the effect: better contractibility
in headquarter services leads to relatively more outsourcing in North, but better contractibility in
components leads to relatively less outsourcing. Finally, because both ag and ag are decreasing in
pl¥ . we conclude that the share of firms integrating in North is higher the higher the contractibility
of components is in North. Interestingly, however, an improvement in the contractibility of head-
quarter services in North, which reduces foreign offshoring, does not always lead to an increase in
the share of firms integrating in North.?®

We can summarize our results for the intermediate-headquarter-intensity sector as follows:

Proposition 8 Consider an industry with n;, € (ni\i, nfc). Then no firm integrates in South and
there exists a cutoff © given by (14) such that firms with productivity © < © do not produce. In
addition, there exist two thresholds ©Y and ©, defined by (17) and (19), such that if O3 > O8 >
O then:

(i) Firms with productivity © € (@, @g) outsource in North, those with productivity © € (GN, @{Y)
integrate in North, and firms with higher productivity outsource in South.

(i) The fraction of offshoring firms is larger (where offshoring takes the form of outsourcing)
and the fraction of firms that integrate in North is smaller the larger the fractions of contractible
activities are in South. The fraction of firms that outsource in North is not affected by contractual
frictions in South.

(iii) The fraction of offshoring firms is smaller and the fraction of firms that source in North is larger

25 The reason is that this type of contracting improvement improves the profitability of integration in North relative
to offshoring, but it reduces its profitability relative to outsourcing in North.
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Figure 6: Profits from outsourcing and integration when n, > nf .. four organizational forms

the larger the fractions of contractible activities are in North. A disproportionate improvement in
the contractibility of components in North may reduce however the share of firms that outsource in
North, while a disproportionate improvement in the contractibility of headquarter services in North

may reduce the share of firms that integrate in North.

As in the low headquarter intensity sector, we find in this case too that offshoring declines with
contractual frictions in South and rises with contractual frictions in North. The main difference
with the previous case is that the share of firms that outsource in North is now independent of
contractibility in South and it no longer unambiguously increases when contacting institutions
improve in North. Evidently, these differences stem from the fact that under the conditions of this

proposition, offshoring competes with integration in North rather than with outsourcing in North.26

4.3 High Headquarter Intensity Sector

Propositions 7 and 8 imply that in sectors with headquarter intensity n; < n,sw, no foreign direct
investment takes place; there can be integration in North but not in South. It follows that offshoring
via integration can emerge only in sectors with relatively high headquarter intensity. So consider
a sector with n; > ngc. Corollary 1 implies that in such a sector the marginal profitability of
integration is higher than the marginal profitability of outsourcing in each one of the countries,
ie., Zé > Zé for £ = N,S. In this case all four organizational forms may coexist in equilibrium:
outsourcing in North, integration in North, outsourcing in South, and integration in South (FDI).
This is illustrated in Figure 6. Firms with © below © do not produce, those with © € (Q, @g )
outsource in North, those with © € (@N,@{\}) integrate in North, those with © € (@N,@g)

%6 Note that as long as Z5 > Z& low enough fixed costs of outsourcing in South lead to an equilibrium in which
low-productivity firms outsource in South and high-productivity firms outsource in North, with no firm integrating.
In this type of equilibrium offshoring competes with outsourcing in North, just as it does in sectors with 7, < 77{;’6.
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outsource in South, and those with © > @g integrate in South, i.e., they engage in foreign direct
investment. Naturally, we can change the assumptions on fixed costs or the ranking of the marginal
profits Zij to eliminate one or more of the regimes in this case too. But their ranking by productivity
will not be affected.

We next study the determinants of the relative prevalence of different organizational forms in
an equilibrium in which all four forms coexist. Our first observation is that the shares of firms that
outsource in North or integrate in North are given as before by (18) and (20), respectively. (Recall
that these expressions were derived for intermediate headquarter intensity sectors.) Because the
thresholds ©f and ©Y are also defined as before, by (17) and (19), respectively, we conclude that
the effects of changes in contractibility on the shares ag and 0’$ are identical to those in sectors
with n;, € (nflvc, nfc), as summarized in Proposition 8.

It remains to discuss how the degree of contractibility of different inputs in different countries
affects the relative prevalence of firms that outsource in South or engage in FDI there. A direct

corollary of Proposition 8 is that the overall share of firms that offshore, given by

S S S} "
op+oy = (@N) , (21)
\%4
is larger the larger contractibility is in South, and is lower the larger contractibility is in North.
How is the decrease in the share of firms that offshore distributed between firms that outsource

and firms that engage in FDI when contractibility improves in North? To answer this question,
note that
@ K
S pS4
of = (@g) , (22)

g_F{f—Fg
=25 5
Zy — 25

where O is given by (14) and

S (23)

It thus follows that the share a€ is larger the larger the ratio (Z{? — Zg) /Z]OV is. Evidently, the
share of firms that do FDI falls as a result of increases in ,uj»v for j = N, S. Moreover, the fraction

of offshoring firms that do FDI is given by

oy _<@fvv>“7 (24)

S Cl S
ot oy S5

which from (17) and (23) is an increasing function of (Z{ — Z5) / (Z5 — Z{Y). We can thus con-
clude that an improvement of contractibility in North increases the prevalence of FDI relative to
foreign outsourcing. Given that the share of firms engaged in FDI is negatively affected by such
an improvement in contractibility in North, we also conclude that the share of firms that out-
source falls. In sum, larger contractibility in North is associated with lower shares of both types of
offshoring firms, with the decrease falling disproportionately on firms that outsource.

We noted above that an improvement in contracting institutions in South increases the share of
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firms that offshore. We next want to study the effects of this change on the relative prevalence of
the two distinct types of offshoring: outsourcing and FDI. In doing so, it is important to distinguish
between improvements in the contractibility of components and improvements in the contractibility
of headquarter services.

Consider the former first. Remember that the share of firms that do FDI, a‘g, is increasing in
the ratio (Z{ — Z5) /Z%, which we can write as (Z{}/Z§ — 1) / (25 /Z3). We have established
above that both Zg and the ratio Z{? /Zg are increasing in p2. As a result, the share of firms that
do FDI is increasing in the contractibility of components in South.

The effect of 2, on o) is more complicated. From (21) and (22) we obtain

s [0\ [e\
6‘/ ®O

A larger contractibility of components in South makes foreign outsourcing relatively more profitable
than integration in North (©/0©% falls), but it also decreases the profitability of outsourcing in
South relative to FDI (©/02 falls). The balance of these two effects is in general ambiguous,
and we cannot rule out that increases in u” actually reduce the share of firms that outsource in
South. Moreover, although the above discussion might have suggested that an improvement in
the contractibility of components in South has a disproportionately large effect on FDI relative to

outsourcing, it is possible to generate numerical examples in which the ratio 0‘5; / ag is actually
S 27

decreasing in p),.

We finally study the effects of an improvement in the contractibility of headquarter services in
South on the share of firms that outsource in South and the share of firms that engage in FDI. As
noted above, the fraction of offshoring firms that do FDI, 0‘5} / (Ué + ag), is an increasing function
of (2 — Z5) /| (23 — Z{Y). Rewriting this expression as (Z{ /23 — 1) / (1 — Z)/Z5)), shows that
it is decreasing in ,uf . As a result, we conclude that an improvement in the contractibility of head-
quarter services in South increases the share of firms offshoring there, with a disproportionately
positive effect on the share of firms that outsource in South. As a matter of fact, the dispropor-
tionate effect may be large enough to generate a negative relationship between ,ug and the share of
firms that engage in FDI.

The results we obtained for the high-headquarter-intensity sector can be summarized as follows

Proposition 9 Consider an industry with n; > 7756. Then there exists a cutoff © given by (14)
such that firms with productivity ©® < © do not produce. In addition, there exist three thresholds
OF, O and ©F, defined by (17), (19) and (23), such that if OF > ON > © then:

(i) Firms with productivity © € (@, @g) outsource in North, those with productivity © € (@g, @{}7)
integrate in North, those with productivity © € (@N, @g) outsource in South, and firms with higher

*TFor example, assume that o = 0.5, ¢y =N =1, ¢f = ¢, = 0.7, n = 0.5, Bo =03, 8y, = 0.5, u,ly = ,uf = 0.3,
and pY = 1. In this case Z¢ > Z5 > Z¥ > z§ for 5 = 0.5 and p°, = 0.7, and the ratio (Zg — Zg) / (Zg — Z{/V)
is lower when /A;i = 0.7 than when ,ufl = 0.5. Hence, an increase in /,L,,Sn can reduce the fraction of offshoring firms
that engage in FDI.
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productivity integrate in South.

(i) The fraction of offshoring firms is larger and the fraction of firms that integrate in North is
smaller the larger are the fractions of contractible activities in South. The fraction of firms that
outsource in North is not affected by contractual frictions in South. A disproportionate improvement
in the contractibility of components in South may reduce the share of firms that outsource in South,
while a disproportionate improvement in the contractibility of headquarter services in South may
reduce the share of firms that integrate in South.

(i1i) The fractions of offshoring firms, both offshore outsourcing firms and firms engaged in FDI,
are smaller and the share of firms that source in North is larger the larger are the fractions of
contractible activities in North. A disproportionate improvement in the contractibility of components
in North may, however, reduce the share of firms that outsource in North, while a disproportionate
improvement in the contractibility of headquarter services in North may reduce the share of firms
that integrate in North. Moreover, the fraction of outsourcers among the set of offshoring firms is

larger the smaller the fractions of contractible activities ,u}]ZV and N in North are.

An important implication of this proposition is that a better contractual environment in South
or a worse contractual environment in North do not equally encourage offshore outsourcing and
FDI; they tend to encourage offshore outsourcing relatively more, except in cases in which the

contractual improvement in South affects disproportionately the production of components.

5 Concluding Comments

In this paper we have generalized the global sourcing model of Antras and Helpman (2004) to
accommodate varying degrees of contractual frictions. In the model, a continuum of firms with
heterogenous productivities decide whether to integrate or outsource intermediate inputs and in
which countries to source the inputs. Final-good producers and their suppliers make relationship-
specific investments which are only partially contractible, both in an integrated firm and in an
arm’s-length relationship. The degree of contractibility can vary across countries and inputs.

Our model generates equilibria in which firms with different productivity levels chose different
ownership structures and supplier locations. Assuming a Pareto distribution of productivity, we
studied the effects of changes in the quality of contractual institutions on the relative prevalence
of these organizational forms. We have shown that an improvement in contractual institutions in
South raises the prevalence of offshoring, but it can reduce the relative prevalence of either FDI
or offshore outsourcing if it affects disproportionately the contractibility of headquarter services
or components, respectively. This result embodies one of the major messages of the paper: the
relative prevalence of alternative organizational forms depends not only on cross-country differences
in contractibility, but also on the degree to which contractual institutions are biased toward inputs
controlled by the final-good producer or other suppliers.

Although our model is partial equilibrium in scope, it can be embodied in a general equilibrium

framework. Such an analysis might shed light on the sources of international income differences and
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their relationship to the structure of contractual frictions and the resulting trade and investment.
Acemoglu, Antras and Helpman (2006) provide a first step in this direction by analyzing the impact
of contractual frictions on technology choice and the resulting productivity levels, but their model
does not feature trade in intermediate inputs nor foreign direct investment. For this reason it cannot
address the issues discussed in this paper. It is necessary to integrate the choice of technology with
the choice of organizational form in order to obtain a unified theory which is suitable for the study

of links between the quality of contractual institutions, productivity, and trade and investment.
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Appendix

A.1 Derivation of the Profit Function (8) and Proof of Lemma 1

We discuss in this appendix properties of the solution to the final-good producer’s optimization

problem

1 1
_max ) WER—C}L/ xp, (i)dz’—cm/ T, (1) di — Wiy,
{zr()}i—g:{zm (D) }i—o 0 0

subject to the incentive compatibility constraints (4) and the revenue and output equations (1) and
(2). First note from (3) that

R— D> c(l—plam=|1-a > Bw|R

{=hm {=hm

Therefore the maximization problem can be expressed as

He
max T=11—« Bewe | R — Cz/ xy (1) di — Wy, (A1)
{en (D} {zm (D)} Z:;m Z:;,m 0
subject to
1710¢w
He
R = | K; |exp Z aw/ log z, (i) di , (A2)
t=h,m 0
where

Kl — aaweaAl—an}:anhn;nanm (5mnm>awm <Bh77h>awh ]

Cm Ch
This representation of the revenue is obtained by substituting (4) into (2) and the result into (1).
The first-order conditions (6) follow directly from this problem.
To prove Lemma 1, note from (3) and (6) that xj. > x, if and only if

l -« Ze:hm Bowe
1—aw

> B

But, since 3, € (0,1) for £ = h,m, the left-hand side is larger than 1 while the right-hand side is
smaller than 1, implying xj. > x;,.

Using the expression for R from (A2), the first-order conditions (6) can be expressed as

L=} g Bewe <77]

_1
— )a(Kla:Zghnhxg{Zmnm)l—aw, for j — hym.

X, =
Jc .
)

The solution to this system of equations yields (7).
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Next, from (Al) we have

He
= 1—04255(@ R - ZCg/ xp (1) di — wpy,.
0

{=h,m {=h,m

Substituting (6) into this expression yields

l—« _ w
> t=hm Be e) R—w,.

1—oaw

T=(1l—-a) <
Using (A2) together with (7) yields (8).

A.2 Proof of Proposition 1

To prove Proposition 1, first note from (8) that profits are trivially a decreasing function of input
costs and the outside option of suppliers. To show that profits are decreasing in wj, j = h,m,
requires more involved arguments. For this purpose first note that 7 is decreasing in w; if and only
if
o, 2O 1—aw
B By, (1 —o Zz:h,m ﬂe(«%)

(1 _ aw)lfaw

Ty =

is decreasing in w;. Taking logarithms of both sides and differentiating, we obtain

dlnm, —alng, —alh 1- aZezh,mﬁﬁwﬁ n a[l — aBpwn — B (1 — Oéwm)]'
Owp, 1—aw L—ad o Bewe
Moreover,
?lnr, B a?[1 - afB,,wm — B, (1 — ozwm)]2 <0
2 T 2 )
0wy, (1 — QD hm ngg) (1—aw)
because
1—B0wm — By (1—awy) > 1—aw, — 8, (1 —awny)
= (1-25,,) (1 —awy,)>0.
Therefore
Olnm, Olnm, — g (wm)
8wh 8wh wp=0 =9 mio
where

1-— aﬁmwm> n all —af,,wm — B, (1 — awp)]

=al —«al
9(wm) = aln by an( 1 —awn, 1—aB,,wn

Next note that

(o) = — 0= B L= B = B (L= awn)] _

(1 - O‘ﬁmwm)2 (1 - awm)
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which implies
0lnm,

o 9(0)=alnp,+a(l-4,)<0.

The last inequality results from the fact that In 3, +1 — §;, is maximized at 3; = 1, in which case
9(0)lg,—1 = 0. Yet 3, € (0,1), and therefore we have the inequality.

We have thus proved that profits are declining in wy, and therefore they are rising in u;, (because
wp, = (1 — pp) my). Symmetric arguments show that profits are also declining in w,, and therefore
increasing in p,,.

Note finally that the only channel through which the parameters wy and w,, affect profits is

through the function Z in (9). Hence, it is also the case that Z is increasing in u;, and p,,.

A.3 Characterization of 3; and Proof of Proposition 2
In order to characterize B}f, note that substituting 5;, =1 — 3, into

1—aw

BoemBaen | 1—a > By

l=h,m

and computing the partial derivative with respect to 3; yields an expression which is proportional
to the polynomial
(wj — wg) B? —2w; (1 — awg) B; +wj (1 — awg) .

Equating this polynomial to 0 yields the solution (10). First note that this solution can be expressed
[Vw; (1 — awg) — /wi, (1 — aw;)]
Wi — Wk

and that for £ # j, \/w; (1 — awy) > /wi (1 — awj) if and only if w; > wy. Under the circum-

stances 7 > 0 for j = h,m, and since 3}, + 3;, = 1, it also implies 3 < 1. Second note that the

as

ﬂ;: OJj(l—OéOJk) forj,k::h,m, k#]a

second root of the quadratic equation from which B; has been solved is

. wi(l—owg)+ Jwpwm (1 —awp) (1 — awnp, . .
gy = 2l )'VW_Lk A D for juk=hm, k£

and this root is larger than 1, because w; (1 — awy) > (wj — wy). It follows that profits are rising
with 3, for 0 < 8; < 8 and declining with g; for 87 < g; < 1.

To prove Proposition 2 first note that L’Hopital’s rule implies 87 — 1/2 when w; — wy for
k # j. Second,

By, — B5) (wh —wm) = wp (1= awm) +wm (1 —awy) — 2\/whwm (1 — awp) (1 — awn)

= [\/wh (1 — awm) — Vwm (1 — Oéwh):|2 >0, (A3)

with strict inequality holding when wy, # wy,, because in this case \/wy, (1 — awp,) # /wm (1 — awp,).
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Moreover,

[\/wh (1 — awm) — Vwm (1 — awh)} (Whp —wpm) >0 for wp # wpn.

Next differentiate (A3) to obtain

9 (Bh = Bm) _ <52—ﬁfn> wm (1 — awnm)

Owp, Wh — Wm wp (1 — awp)

The previous arguments then establish that the right-hand side is strictly positive. It follows that
B7, is strictly increasing in wyp. A symmetric argument implies that 5, is strictly increasing in wy,.

Therefore (3} is strictly declining in wy,.

A.4 Determinants of the Make-or-Buy Decision and Proof of Proposition 3

To formally prove Proposition 3, we need to study the properties of the ratio Zy/Zp. From (9),

we have

Zo  \1-=Pho Bro L— o}y pm Beowe

aw —a aw —a (1-aw)/(1-a)
Zv _ <1 —5hv> m/(1=e) <5hv) w/(1=a) (1—022=h,mﬁevwz>

It is useful to work with the following monotonic transformation of Zy /Zp:

-0 () - (i) o (2

1 —a(Brywn + (1= Bry) wm)
+ (1 —a(wp +wn))In (1 —a(Brown + (1 ﬁho)wm)> )

(25)

We will first prove that In (Zy /Zp) is an increasing function of wj, and a decreasing function of
W This will immediately imply that Zy /Z¢ is increasing in 7, and p,, and decreasing in 7,,, and

Hh-
Let us start with the effect of wy,. Straightforward differentiation of (25) delivers

(1-a)

Oln(Zv/Zo) _ 1—=Brv\ 1 —a(Buvwn + (1 = Buy) wm)
o =ai (125 ) o (e e )
(1 —awp)a(l —a(wy +wn)) By — Bro)

T = aBrown + (1= Bro)wm)) (1= a Baywn + (1 — Bay) &)

To show that dln(Zv/Zo) /Owm < 0 we will proceed in two steps. We will first show that
0?In(Zy/Zo) JOw?, < 0 and then that, when evaluated at w = 0, dIn(Zy/Zp) /0w, is nega-

tive.
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Step 1: Simple though cumbersome differentiation delivers

_ \PWn(Zv/Zo) (1 — awn) (Bry — Bro) @
(1-a) D2 = 2 2
Win (1= a(Brown + (1 = Bro) wm))” (1 — a(Brywn + (1 = Bry) wim))
xXg (Oé, ﬁhVa ﬁhO? Wh, wm) 5
where
9 (a, Brys BrorwWhy,wm) = Bpy + Bro + 20wy, — Bryawm — 2By awn — aBpowm — 2a8,0wh

428 Browm — 2Bny aBrowh — 202 wmwh + 3By & wmwn
+30” Blowmwn — 48y @ Browmwn — Brya® (wi)? — a®Bho (w)?

+A4By 2 Bho (wh)?.

The function g (-) is somewhat complex, but we can show that it only takes positive values in the

relevant domain. To see this note that

%Zui;) = —a By (1 = awn) (1 = Bro) + Bro (1 = Bry) (1 — awn) + 2awn (1 = Bro) (1 = Bhy)) <0,

and thus it suffices to check that g («, 81y, Bro,wh, 1) is positive. But this follows from

9 (0, By Broswhs 1) = (1 =) (Bpy — Bro + 2Bro (1 — awy) + 2awp, (1 — Bry))
+ (2BRy Bro (1 — awn) + Bryawn (1 = Bro) + wiBroa (1 = Bry)) a (1 — wp),
which indeed is a sum of positive terms.

Step 2: Next we note that, when evaluated at w,, = 0, we have that d1In (Zy/Zp) /0wy, < 0
if and only if

h(ﬁho) =aln <1 _Bhv> —aln (1 _aﬁhvwh> + (a(l—awh)2 (5hv —5110) <0.

1= Bro 1 —aBpown 1 — afpown) (1 — aByrywn)

But note that
(1 — awp) (awy (1 = Bro) + Bro (1 — awp))

(1= Bro) (1 — aBrown)”
and thus (3, = argsuph (8,,0) (remember that 8,5 > [ is not possible). Finally, note that
h(Bry) = 0, and thus it follows that h (5,0) < 0 and dIn(Zy/Zo) /Owm < 0O for all w,, € (0,1).
This completes the proof that Zy /Zp is an decreasing function of wy,.

W (Bo) = >0,

The proof of dln (Zy/Zp) /0wy > 0 is analogous, though we need not repeat all the steps. It

34



suffices to note that letting 3,y = 1 — 8y, and B0 = 1 — 1,0, we can write (25) as

(1-a)ln <Z‘;> = —oawpln (gzz) — awp In (ig;‘i)
-« ((1 - BhO) wp + Bhme>
(e Y

— (1 - a(wp +wn))In

9

where 3,5 > (. Notice that this expression is analogous to the one we used to prove that
Oln(Zyv/Zo) |Ownm < 0, but with negative signs throughout. We can thus conclude that Zy /Zo is

increasing in wy.

iven these results we can conclude that Zy /Zp is increasing in 7, an and decreasing in
Gi th It lude that Zy /Zp is i ing in 7;, and p,, and d ing i
N, Next, we want to show that outsourcing is preferred to integration for a low enough n;, while

the converse is true for a high enough ;. This follows from noting that when n;, — 0, then w; — 0

5 - L= ()
(1 _a)ln <Z0> — Wy In (1—%) +(1 —OéUJm)hl <1_ (1 _5ho)awm> .

Because 3, > 3,0, using the fact that (1 — az) 2%/ (1=% is an increasing function of z for a € (0,1)

and

and = € (0,1), we can conclude that

<1 — 5hv)awm/(1awm) <1 — (1= Bpv) O“’Jm> <1
1—Bro 1—(1-Bpo) awn '

This implies that Zy /Zp < 1and thus profits are higher under outsourcing in such a case (remem-
ber that fixed and variable costs are here assumed identical under integration and outsourcing).

Similarly, when 7; — 1, then w,, — 0 and

(1-a)ln @V) — awpIn <5W> +(1— awy)In <1—a5hvwh) ,

o Bro 1 —afrown

Again, using the fact that (1 — az) %1~ is an increasing function of z for a € (0,1) and z € (0,1),

we can conclude that In (Zy/Zp) > 0 and profits are higher under integration in such a case.
Given the monotonicity of In (Zy/Zp) and the two extreme cases 7;, — 0 and n;, — 1, we can

thus conclude that a unique headquarter- intensity cutoff n,. € (0,1) exists, such that profits are

higher under outsourcing for 7, < n;. and higher under integration for 7, > n)..

To prove part (ii) of Proposition 3 it suffices to use the implicit function theorem. The cutoff
Nhe 1s implicitly defined by Zyv/Zo = 1. Since Zy /Zp is increasing in 7, decreasing in pu;, and
increasing in u,,, we can conclude that the cutoff n;,. is higher the larger y; is and the smaller p,,

is.
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A.5 Numerical Example in Footnote 19

Remember that the ratio Zy /Zp is given by

aw —a aw —a (1—aw)/(1-a)
Zo 1= Bhro Bro 1 _O‘ZZ:h,mﬁeowé '

Let « =4/5, By = 1/2, B0 = 1/3, and p, = p,,, = A = 1/4. Then we have that, when 7, = 0.4,
we obtain Zy /Zo = 1.027, while when 1, = 0.5, we have Zy /Zp = 1.193. If we raise A to 1/2, we
instead obtain Zy /Zo = 1.03 when n;, = 0.4,and Zy /Zo = 1.125 when n;, = 0.5. Hence, the effect
of A (and thus overall contractibility) on the ratio Zy/Zo is ambiguous.
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