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Abstract

Legal institutions affect economic outcomes. But how much? This paper quantifies the

importance of costly supplier contract enforcement for aggregate productivity and welfare.

Contract enforcement costs lead suppliers to underperform. Thus firms will perform

more of the production process in-house instead of outsourcing it. On a macroeconomic

scale, countries with slow and costly courts should buy less inputs from sectors whose

products are more specific to the buyer-seller relationship. I test this hypothesis using

cross-country regressions. Using microdata on case law from the United States I construct

a new measure of relationship-specificity by sector-pairs. This allows me to control for

productivity difference across countries and sectors and causally identify the effect of

contracting frictions on industry structure. I proceed to structurally estimate the key

parameters of my macro-model. A set of counterfactual experiments investigates the role

of contracting frictions in shaping productivity and income per capita across countries.

JEL codes: D23; E02; O11; O43; L16; L24; K12

Keywords: Contract enforcement costs; Contracting frictions; Outsourcing; Misalloca-

tion; Industry structure; Technology adoption

∗Centre for Economic Performance and Department of Economics, London School of Economics, Houghton
Street, London WC2A 2AE, j.m.boehm@lse.ac.uk. I thank Francesco Caselli and Veronica Rappoport for
continued guidance, and Swati Dhingra, Ben Faber, Jason Garred, Kalina Manova, Alan Schwartz, Silvana
Tenreyro, Catherine Thomas, John Van Reenen, and seminar audiences at LSE and Oxford for helpful comments.

1



1 Introduction

In the last two decades the economic profession has recognized that legal institutions matter

for economic development. Most of the literature has either studied these mechanisms at the

microeconomic level, or documented their relevance via reduced-form regressions at the industry

or country level.1 Despite their contributions, this literature has not resolved a central question:

just how important are legal institutions for aggregate outcomes?

In this work I am concerned with one particular dimension of legal institutions, the cost

of enforcing a supplier contract in court. Countries differ vastly in the speed and cost of

enforcement procedures: while Icelandic courts often resolve commercial dispute within months,

cases in India that are decades old are commonplace.2 This can have economic repercussions.

If enforcement of supplier contracts is costly, firms will perform a larger part of the production

process within the firm, instead of outsourcing it, thereby avoiding having to contract with an

external supplier. This increases the cost of production (Khanna and Palepu, 2000, Bresnahan

and Levin, 2013). Higher production cost feeds into higher input prices in downstream sectors,

thus amplifying the distortions on the macroeconomic scale.3

This paper exploits cross-country variation in enforcement costs and input expenditure

shares to study the importance of enforcement costs for productivity and income per capita. I

make three contributions to our understanding of the role of institutions for economic outcomes.

First, I construct a general-equilibrium model to explain how contract enforcement costs, to-

gether with asset specificity, shape the firm’s domestic outsourcing decision and the economy’s

industry structure. To describe contracting frictions, I extend the property rights approach of

Grossman and Hart (1986) and Hart and Moore (1980) to a setting of enforceable contracts,

where enforcement is subject to a cost and goods are relationship-specific. Second, I assess my

model’s qualitative predictions using cross-country reduced-form regressions. Using microdata

on case law from the United States I construct a new measure of relationship-specificity by

sector-pairs. Third, I quantify the importance of enforcement costs for aggregate productiv-

ity and welfare. I do this by structurally estimating my model and simulating the aggregate

variables under the absence of enforcement costs.

In my model firms face a binary decision between in-house production and domestic out-

1See, among others, Besley and Ghatak (2010) on the microeconomic level, and La Porta et al. (1997),
Djankov et al. (2003), Acemoglu and Johnson (2005), and many papers that follow Rajan and Zingales (1998).

2[todo ref]
3This idea of a ’multiplier effect’ goes back to Hirschman (1958), See also Ciccone (2002), Jones (2011a,

2011b), and Acemoglu et al. (2012).
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sourcing for each activity in the production process.4 Firms and suppliers draw independent

productivity realizations for each activity. In-house production uses labor, which is provided

on a frictionless market. Outsourcing, however, is subject to contracting frictions that increase

its effective cost. To understand what drives the magnitude of the distortion I explicitly model

the interaction of the buyer and seller. Contracts are enforceable at a cost which is increasing

in the value of the claim.5 I follow actual contract law in assuming that there are limits to

punishment for breach of contract. If the product is sufficiently tailored to the buyer (i.e. the

outside value of the produced goods is sufficiently low), the seller underperforms to save costs.

Higher proportional costs of enforcement leads to higher underperformance, to keep the level of

enforcement costs small. Higher relationship-specificity is also linked to breach of the contract

in equilibrium.

The model predicts that in countries where enforcement costs are high, firms are going to

spend less on inputs that are very relationship-specific. I test this hypothesis using cross-country

reduced-form regressions. Existing industry-level measures of relationship-specificity (Nunn

2007, Levchenko 2007) use data on inputs themselves, which is endogenous in my framework,

and/or are only available for physical goods. To get around these issues, I exploit my contracting

game’s prediction that high relationship-specificity is linked to higher prevalence of breach.

Using case law from the United States for 1990-2012, I construct a measure of relationship-

specificity of an upstream-downstream sector pair that is the number of court cases with a firm

from the upstream sector, per firm in the downstream sector. On the sector-pair-country level

this measure, interacted with enforcement costs in the country, is negatively correlated with the

downstream sector’s expenditure share on inputs from the upstream sector: in countries with

high enforcement costs, sectors use relatively less inputs from sectors when litigation is common

between these two sectors in the United States. Since this measure varies across sector-pairs, I

can include country-upstream sector fixed effects and thus control for unobserved heterogeneity,

such as differences in productivity and access to external financing, across sectors and countries.

To the extent of my knowledge, my paper is the first one to use this identification strategy in

cross-country regressions.

In order to quantify the importance of my mechanism, I exploit the fact that my model yields

an expression for intermediate input use between sectors, with contracting frictions acting to

decrease external input use. I estimate the elasticity of intersectoral input shares with respect

to contracting frictions. This allows me to perform counterfactuals: reducing enforcement costs

in developing countries would increase their aggregate productivity by XX to YY percent, and

4I use the term ’activity’ to refer to both physical inputs and tasks in the production process.
5Enforcement costs include time costs, court fees, and fees for legal representation and expert witnesses.
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increase their output per capita by XX to YY percent.

[TODO results]

The paper contributes to the literature on legal institutions and their macroeconomic ef-

fects.6 The challenges in this literature are twofold. First, institutions are hard to quantify. I

therefore include a microeconomic model of contracting in my macro framework and make sure

the empirical counterpart for the enforcement cost maps exactly into the theoretical concept.

Second, most measures of institutions are strongly correlated. The literature on cross-country

regressions in macroeconomics typically deals with this by trying to control for other dimen-

sion of institutions, often interacted with industry-level measures of how much these institu-

tions affect particular sectors (Ciccone and Papaioannou, 2010). By exploiting variation across

countries and industry-pairs, I can include country-industry fixed effects and thus control for

unobserved heterogeneity in country-industry pairs.

The paper is also related to the literature on the role of intermediate inputs for aggregate

outcomes.7 These papers typically take the country’s Input-Output structure as exogenous, or

even take the US Input-Output table to describe the industry structure across countries.8 I

exploit the fact that Input-Output tables differ across countries for my empirical strategy. In

the model I endogenize the sectoral composition of the firm’s input baskets.

My paper also draws on the literature on contracting frictions, intermediate inputs, and

productivity in international trade.9 While my analysis is only concerned with domestic trans-

actions, it would be straightforward to allow for sourcing of inputs from abroad. Contracting

frictions are particularly important for service inputs, because these are naturally relationship-

specific (i.e., once produced they cannot be ’sold’ to an outside party). Services are typically

performed within the boundaries of the economy (Liu and Trefler, 2008), thus I capture the

bulk of the relevant distortions.

6For example, theoretical work by Acemoglu, Antràs and Helpman (2007) studies the effects of contracting
frictions on the incentives to invest in technology. The empirical literature often employs reduced-form cross-
country regressions, see Rajan and Zingales (1999), La Porta et al. (1998), Acemoglu and Johnson (2005),
and many others. Recent country studies include Laeven and Woodruff (2007) on judicial efficiency in Mexico,
Ponticelli (2013) on bankruptcy reform in Brazil, and Cole, Greenwood, and Sanchez (2012) on courts and
technology adoption in Mexico.

7Among others, Hirschman (1958), Romer (1980), and Jones (2011a, 2011b) for economic growth, and Dupor
(1999), Horvath (2000), Acemoglu et al. (2012) and Carvalho and Gabaix (2013) for fluctuations.

8A noteable exception is an early paper by Chenery and Watanabe (1958).
9Antras (2003) pioneered the property rights approach in international trade. Khandelwal and Topalova

(2011) show that increased access to intermediate inputs increases firm productivity. In a similar vein to
my work, Nunn (2007) uses cross-country regressions to show that contracting institutions shape comparative
advantage. Methodologically my paper draws from the literature on quantitative trade models, see Eaton
and Kortum (2002), Costinot, Donaldson, and Komunjer (2012), Caliendo and Parro (2012), and Arkolakis,
Costinot, and Rodriguez-Clare (2012).
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The paper proceeds as follows. Section 2 describes a macromodel of input choice, where

contracting frictions distort the firm’s make-or-buy decision. Section 3 qualitatively assesses

the model’s key prediction using cross-country reduced-form regressions. Section 4 structurally

estimates the model of section 2, and evaluates the productivity and welfare implications of

costly contract enforcement. Section 5 concludes.

2 A Macroeconomic Model of Input Sourcing

This section presents a macroeconomic model, where firms face the decision between producing

in-house and outsourcing. The model economy is closed.10 Outsourcing is subject to frictions

due to the presence of contract enforcement costs. These frictions distort the relative price

of outsourcing, and thus lead to over-use of in-house production. I first discuss the firm’s

production functions, and then turn to the modes of sourcing. I pay particular attention

to the contracting game that is played in the case of outsourcing, explaining how and when

enforcement costs matter, and derive an expression for the magnitude of price distortions.

Finally, I put the model in general equilibrium and derive predictions for aggregate input use.

2.1 Technology

There are N sectors in the economy, each consisting of a mass of perfectly competitive and ho-

mogenous firms (’aggregators’). Sector n aggregators convert activities {(qni(j), j ∈ [0, 1]}i=1,...,N

into output yn according to the production function11

yn =

(
N∑
i=1

γ
1/ρ
ni

(∫ 1

0

qni(j)
(σn−1)/σndj

) σn
σn−1

ρ−1
ρ

)ρ/(ρ−1)

, n = 1, . . . , N. (1)

The sets (qni(j), j ∈ [0, 1])i=1,...,N correspond to the sets of inputs that sector n may source

from a firm belonging to sector i, or, alternatively, produce itself using labor. The index j

denotes the individual activities/varieties within each basket. As an example, consider a car

manufacturing plant. Then, n = car and i ∈ {metal, electricity, R&D, . . .} are the different

broad sets of activities that need to be performed during the production process. The index j

10It would be straightforward to allow for sourcing of inputs from abroad. I will argue that contracting
frictions are particularly important for services inputs. Services are typically performed within the boundaries
of the economy, thus I am capturing the bulk of the relevant distortions.

11This is a model where every sector buys from every other sector, but apart from parameters, they are all
ex-ante identical. In a bilateral trade between two sectors, I always denote the downstream (buying) sector by
n and the upstream (selling) sector by i.
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corresponds to the individual varieties of inputs (in the case of physical inputs) or tasks (in the

case of intangible inputs). The firm faces the outsourcing decision for every j: a manufacturing

plant may want to contract with an accounting firm to do the accounting for them, or decide

to employ an accountant themselves, perhaps at higher cost. The technological parameters γni

capture how much the broad set of inputs i are actually needed in the production process of

sector n: the γcars,steel will be high, whereas γcars,agriculture will be low.

For each activity (n, i, j), the aggregators have to decide whether to produce the activity

themselves, or to outsource it. Outsourcing is subject to contracting frictions. In order to keep

the decision tractable, I model outsourcing as buying activity (n, i, j) from a sector i firm via

an intermediary. Once the outsourcing decision has been taken, it is irreversible.12 I discuss

each of the two options in turn.

2.1.1 In-house production

The sector n firm can produce activity (n, i, j) itself by employing labor. One unit of labor

generates sni(j) units of activity (n, i, j). sni(j) is a stochastic productivity realization that

follows a Fréchet distribution,

P (sni(j) < z) = e−Snz
−θ
.

I assume that the sni(j) are i.i.d. across i, j, and n. The parameter Sn captures the overall

productivity of sector n firms: higher Sn will, on average, lead to higher realizations of the

productivity parameters sni(j). The labor market is perfectly competitive. Denote the wage

by w, and the price of one unit of activity (n, i, j) conditional on in-house production by plni(j).

Then,

plni(j) =
w

sni(j)
. (2)

2.1.2 Arm’s length transaction

In case of outsourcing, the aggregators post their demand function to an intermediary. In turn,

the intermediary sources the goods from a sector i aggregator (’supplier’), who tailors the goods

to the relationship. The intermediary then sells the goods on to the aggregator, earning revenue

R(·), as given by the aggregator’s demand function.

When dealing with the supplier, the intermediary chooses a contract that maximizes its

profit subject to participation by a supplier firm. Since there is only one intermediary per

12I make this assumption in order to eliminate competition between the potential employees and the suppliers.
For a paper that relaxes this assumption, see Bernard et al. (2003).
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activity, but many potential suppliers, the intermediary’s chosen contract will push the sup-

plier down to its outside option, which is zero. One supplier is chosen at random, and the

intermediary and the supplier are locked into a bilateral relationship.

Suppliers can transform one unit of sector i output (produced using the production func-

tion (1)) into zni(j) units of variety (n, i, j). Again, I assume that zni(j) follows a Fréchet

distribution, with scale (productivity) parameter Ti,

P (zni(j) < z) = e−Tiz
−θ

and i.i.d. across i, j, and n. The supplier’s cost of producing one unit of variety (n, i, j) is

thus cni(j) = pi/zni(j), where pi is the CES price index of sector i’s output good, (1). The

production of the variety is partially reversible: by reverting the variety the supplier can get a

fraction ωni of its production cost back by selling it on the Walrasian market for the sector i

good. I make this assumption of revertibility to capture the degree of relationship-specificity

of the variety: ωni = 1 means that the variety is not tailored to the relationship at all, whereas

ωni = 0 means that the good is useless outside the relationship.

The contract The contract between intermediary and supplier is a pair (q∗,M(·)), where

q∗ ≥ 0 is the quantity of the good to be delivered13, and M : [0, q∗]→ R\R− is a nonnegative,

increasing real-valued function that represents the stipulated payment to the supplier. M may

include damage payments that are agreed upon at the time of the formation of the contract,

for enforcement in case of a breach of contract (liquidated damages).

Most jurisdictions impose stong limits on the ability to punish underperforming parties

in a contractual relationship.14 I model this by requiring that in order for the contract to be

enforcible, under any actual performance q by the supplier, the payoff to the buyer R(q)−M(q)

must not exceed his payoff under fulfillment of the contract, when q = q∗. Thus,

R(q)−M(q) ≤ R(q∗)−M(q∗). (3)

The contract is enforcible in a court by either of the two parties. The court perfectly

13q∗ and q may likewise be interpreted as quality of the product. I drop variety subscripts (n, i, j) for
readability.

14In English law, in terrorem clauses in contracts are not enforced (Treitel, 1987, Chapter 20). German and
French courts, following the Roman tradition of literal enforcement of stipulationes poenae, generally recognize
penal clauses in contracts, but will, upon application, reduce the penalty to a ’reasonable’ amount (BGB § 343,
resp. art. 1152 & 1231, code civil). This puts strong limitations on penal clauses. See Zimmermann (1996),
Chapter 4, for a comparative analysis.
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observes all actions by both parties, and orders the party in breach (i.e. the seller if q < q∗;

the buyer if q ≥ q∗ and the buyer refuses to pay M(q)) to pay damages so as to render the

innocent party as well off as if the contract had been fulfilled.15 The party in breach also has to

pay enforcement costs, which amount to a fraction δ of the value of the claim to the plaintiff.

These costs include court fees, fees for legal representation and expert witnesses, and the time

cost.16

Timing of events

1. The intermediary and the supplier sign a contract (M(q), q∗). At this point the supplier

cannot perfectly commit to paying M(q) once production has taken place.

2. The supplier produces q units. He chooses q optimally to maximize his profit.

3. The intermediary decides whether or not to hold up the supplier by refusing to pay M(q).

If he does not pay, the two parties bargain over the surplus from the relationship. I

assume symmetric Nash bargaining. In case the bargaining breaks down, one party will

enforce the contract in a court. The symmetric Nash solution leaves each party with its

outside option plus one half of the quasi-rents.

4. If the seller has overproduced, q > q∗, the two parties bargain over the surplus from

the excess production. Again, I assume that they split the surplus according to the

symmetric Nash sharing rule. The outside option is given by the supplier’s option to

revert the production process.

Solving for the equilibrium In the case where the supplier fulfills his part of the contract,

q ≥ q∗, the intermediary nevers want to hold him up: he would have to pay M(q∗) plus the

enforcement costs. Thus, the intermediary will pay M(q∗) and bargain with the supplier over

the remaining q − q∗ units. The Nash sharing rule leaves the supplier with its outside option

(what it would get by reverting the production process for the excess production) plus one half

of the quasi-rents. Thus, the supplier’s overall profits are

πs(q|q ≥ q∗) =
1

2
(R(q)−R(q∗)) +

1

2
ωnicni(j) (q − q∗) +M(q∗)− qcni(j) (4)

15In common law, this is the doctrine of the expectation measure (Treitel, pp REF). Similar ways of assessing
damages are used in other legal traditions (Zimmerman, 1996).

16Enforcement costs contain the parties’ variable efforts to have the court rule in their favor and are thus
increasing in the value of the claim. This assumption also strengthens the link between the model and the
empirical analysis: my data for enforcement costs in Section 3 is given as a fraction of the value of the claim.
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If the supplier underproduces, q ≤ q∗, the intermediary will refuse to pay M(q). The two

parties then bargain over the surplus. They settle out of court and thus avoid the efficiency

loss that they would incur by having to pay the court fees. In case the bargaining breaks down,

one party will find it optimal to enforce the contract in court, thus the outside option in the

bargaining is court enforcement. Again, under the Nash sharing rule each party receives its

outside option plus one half of the quasi-rents.

πs(q|q < q∗) =

(
1− 1

2
δ

)
(R(q)−R(q∗) +M(q∗))− qcni(j) (5)

Going back in time, the supplier chooses q to maximize profits, given by (4) and (5). As long

as δ > 0 and ω < 1 the chosen quantity will lie strictly below the efficient quantity, which

maximizes the overall surplus from the relationship R(q)− cq. The magnitude of underproduc-

tion depends on the degree of relationship-specificity ω in the case of fulfillment, and on the

enforcement costs δ in the case of breach. The optimal contract from the perspective of the

intermediary – and the social planner – minimizes this distortion:

Proposition 1 The optimal contract implements a quantity q such that

dR(q)

dq
= min

(
2− ωni,

1

1− 1
2
δ

)
c (6)

In both cases, the whole surplus from the relationship goes to the buyer.

Some explanations are in order. The equilibrium may feature a breach because of the

intermediary’s inability to sufficiently punish the supplier, as embodied in the assumption that

the contract may not feature penal clauses, equation (3), and the rule for the assessment of

damages. Both cases – breach and fulfillment – are associated with inefficiently low performance

levels. The amount of damage payments depend on the intermediary’s payoff, which aligns the

seller’s incentives with those of the buyer. The presence of enforcement costs, however, mean

that the supplier can only retrieve a smaller share of his fee net of damages by enforcing, which

leads him to produce less than the efficient quantity. In the case of fulfillment, the quantity

is below the efficient level because the contract does not stipulate the terms of exchange for

any goods in excess of the contracted quantity.17 The magnitude of the inefficiency depends

17The model thus provides a rationale for informal contracts, which can be regarded as a special case of
the above with q∗ = M(q) = 0. If the goods are not very relationship-specific (high ω) the optimal contract
will feature a low q∗ to implement a fulfillment of the contract and leave the right of control of the excess
production with the supplier. In the case of a breach, the degree of relationship-specificity does not matter for
the bargaining outcome.
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on the degree of relationship-specificity: if the supplier can sell the goods to a third party, he

has a better outside option in the bargaining, and thus gets a higher return on his investment.

Appendix Appendix A contains a detailed derivation of equations (4) and (5) and the proof of

Proposition 1.

The quantity distortion from the contracting frictions, equation (6), increases the price

that the intermediaries charge when they sells the goods on to the aggregators. Holding the

aggregator’s demand function constant, we obtain the price of activity (n, i, j) from outsourcing

pxni(j) =
µnpidni
zni(j)

where µn = σ/ (σ − 1) is the markup due to monopolistic competition, and

dni = min

(
2− ωni, 1/

(
1− 1

2
δ

))
is the distortion due to contracting frictions.

2.1.3 Closing the model

The aggregator firms decide on whether to produce in-house or outsource by comparing the

price of the good under the two regimes, plni(j) and pxni(j). Thus, the realized price of activity

(n, i, j) is

pni(j) = min
(
plni(j), p

x
ni(j)

)
(7)

I close the model by modelling the households. There is a representative household with

Cobb-Douglas preferences over the consumption of goods from each sector,

U =
N∏
i=1

c
ηi
i , (8)

with
∑N

i=1 ηi = 1. Households receive labor income wL and the profits of the intermediaries Π.

Their budget constraint is
∑N

i=1 pici ≤ wL+ Π, and thus ci = ηi (wL+ Π).

2.1.4 Equilibrium Prices and Allocations

I first describe prices and input use, and then show existence and uniqueness of an equilibrium.

All proofs are in Appendix A.
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Lemma 2 The cost of producing one unit of raw output yn in sector n is

pn ≡

(
N∑
i=1

γni

(
αn

(
Snw

−θ + Ti (piµndni)
−θ
)− 1

θ

)1−ρ
)1/(1−ρ)

(9)

where w is the wage, and αn ≡
(
Γ
(

1−σn
θ

+ 1
)) 1

1−σn with Γ(·) being the gamma function.

Let Xni ≡
∫ 1

0
pni(j)qni(j)1{j:pxni(j)<plni(j)}dj be the expenditure of sector n aggregators on

activities that are sourced from sector i, and Xn =
∫ 1

0
pni(j)qni(j)dj the total expenditure (and

gross output) of sector n.

Proposition 3 The input expenditure shares Xni/Xn satisfy

Xni

Xn

= γniα
1−ρ
n pρ−1

n

Ti (µnpidni)
−θ(

Snw−θ + Ti (µnpidni)
−θ
)1+(1−ρ)/θ

. (10)

Thus, the expenditure share of sector n on inputs from sector i is increasing in sector i’s

productivity, Ti, and the importance of sector i products for sector n, γni, and decreasing in

sector i’s input cost pi, contracting frictions dni, and the overall capabilities of the economy to

produce type-i inputs for sector n, Φni.

Proposition 3 is the key prediction of the model for the question at hand. It says that

contracting frictions, captured by dni > 1, negatively affect the downstream sector’s fraction of

expenditure on intermediate inputs from the upstream sector i. The elasticity θ determines the

magnitude of this effect. Intuitively, contracting frictions increase the effective price offered by

the supplier firm, and the downstream firm will outsource fewer activities.

Equation (10) is rich enough to describe how the different forces affect the input shares,

yet simple enough to enable estimation of θ. Indeed, equation (10) closely resembles a gravity

equation in international trade.18 In section 4 I estimate θ and use it to study the quantitative

importance of costly contract enforcement for productivity and welfare.

Intermediaries make profits due to monopolistic competition

Π =
∑
n

∑
i

Πni =
∑
n

∑
i

(
1− σn − 1

σn

1

dni

)
Xni (11)

18See Head and Mayer (2013) for a recent survey on estimating elasticities in gravity equations.
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and the markets for sectoral output clear

pici +
∑
n

(Xni − Πni) = Xi, i = 1, . . . , N (12)

An equilibrium is a vector of sectoral price functions (pn(w))n=1,...,N that satisfies (9). Given

the sectoral prices, all other prices and quantities can be directly calculated: input shares

(Xni/Xn)n,i from (10), and profits Π and gross output levels (Xn)n=1,...,N from the linear system

(11) and (12), where consumption levels are ci = ηi (wL+ Π). The following proposition gives

sufficient conditions for existence and uniqueness of an equilibrium:

Proposition 4 Let Ξ be the matrix with elements Ξni = (αnµn)−θ γ
θ/(ρ−1)
ni Ti for all n, i =

1, . . . , N . Assume that

1. the spectral radius of Ξ is strictly less than one, and

2. 0 < θ/ (ρ− 1) < 1.

Then, for all (dni)n,i with dni ≥ 1 for all n, i, an equilibrium price vector (pn(w))n=1,...,N exists

and is unique. Furthermore, pn(w) is homogenous of degree one in w.

The condition that the spectral radius of Ξ is less that one rules out ’infinite loops’ in the

production process, i.e. that one basket of sectoral output goods can be used as inputs to

produce more than one basket of the same goods.

3 Reduced-form Empirical Evidence

3.1 Empirical Strategy and Data

In this section, I want to test the hypothesis that contracting frictions in the form of costly

contract enforcement shape the Input-Output structure of an economy. The goal is to make a

qualitative statement, and then proceed to structurally estimate the model from section 2 to

investigate the quantitative importance of contracting friction for welfare.

The baseline specification for my regressions is

Xc
ni

Xc
n

= αni + βδcωni + γ (controls)cni,t + εcni,t (13)

where Xc
ni is expenditure of industry n on intermediate inputs from industry i at time t in

country c; Xc
n is the gross output of industry n in country c; δc is a measure of the cost of
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enforcing a supplier contract in country c; ωni is a measure of dependence on formal contracts

when industry n buys from industry i, and αni are upstream–downstream industry fixed effects.

Equation (13) is a variation of the functional form used by Rajan and Zingales (1998) in the

sense that I regress the feature of sectors in a country on an interaction of country and sector

characteristics. By including an industry-pair fixed effect I exploit variation across countries

within a pair of sectors.

Data on intermediate input expenditure come from the GTAP (Global Trade Analysis

Project) database, version 8.19 It contains Input-Output tables on 109 countries, from years

ranging from the beginning of the 1990’s to mid-2000, originating from national statistical

sources. Table TODO shows details on data availability. The tables cover domestic and import

expenditure for 56 sectors, which I aggregate up to 35 sectors that roughly correspond to two-

digit sectors in ISIC Rev. 3. Because I am ultimately interested in the composition of the input

bundle of a sector, I use the fraction of total expenditure in gross output as the left-hand side

variable in equation (13), but control for imported inputs (see below). Using a fraction as the

dependent variable also improves the comparability of Input-Output tables from different base

years. Results with the expenditure share of domestic and imported inputs as the dependent

variable are very similar.

The World Bank Doing Business project provides information on the monetary cost and

time necessary to enforce a standardized supplier contract. The monetary cost is the total cost

that the plaintiff must advance to enforce the contract in a court, and is measured as a fraction

of the value of the claim. I construct my total cost measure20 (again, as a fraction of the value

of the claim) by adding the interest foregone during the proceedings, assuming a three percent

interest rate:21

δc = (monetary cost, as pct)c + 0.03 (time until enforcement, years)c .

I construct a measure of realized dependence on contracts, ωni, for each sector pair by

exploiting information on US court cases. I use the LexisLibrary database provided by Lex-

isNexis, which contains all reported US federal and state court cases. I take all cases since

January 1990 that are related to contract law, ignoring appeal and higher courts, and match

the plaintiff and defendant’s names to the Orbis database of firms. This provides me with the

19Recent papers that have used the GTAP Input-Output tables are Johnson and Nogueira (2011) and Shapiro
(2013).

20The expression is a linear approximation of (monetary cost, pct)/(1+discount rate)(time, yrs).
21In many countries the prevailing party is to be compensated for (parts of) the its legal expenses. This,

however, varies greatly across jurisdictions and codes. See Djankov et al. (2003), Treitel (1976).
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industries in which the plaintiffs and defendants are active. The Bureau of Justice Statistics

(1996) documents that in cases related to the sale of goods or provision of services, the seller is

more than four times more likely to be the plaintiff. I thus assign the plaintiff to the upstream

industry. I then divide the number of cases between each sector pair (a) by the number of

firms active in the downstream sector, yielding a measure z
(1)
ni , (b) by the geometric mean of

the number of firms active in the upstream and downstream industries, yielding a measure z
(2)
ni .

I interpret these two measures as the likelihood of litigation in each sector pair. To obtain a

measure of ωni from this information, I use the prediction of my model of section (2) that breach

of contract is more likely if ωni is low. More specifically, assume that a small (measure zero)

fraction of firms in each sector pair draw a stochastic degree of relationship-specificity from a

Beta distribution22 with shape parameters αni and 5, and expected value ωni = αni/(αni + 5).

Both parties observe the random draw, and the downstream firm writes the optimal contract

as in Section 2. I assume that if the equilibrium features a breach, the dispute is observed in

a court with probability s before being settled through Nash bargaining. I then equalize the

predicted probability of observing the case in court with the zini, i = 1, 2, and calculate the

implied αni and thus ωni. I set s to 0.01%, which means that all provision of insurance services

(the sector with most cases) to other services sector firms will be perfectly relationship-specific

(both ω
(1)
ni and ω

(2)
ni equal to zero, for i =insurance, and n in services sectors).

3.2 Results

Table B2 presents the results of estimating the baseline specification, equation (13), using

ordinary least squares. In each column, I use a different explanatory variable: columns (1) and

(2) are simple interactions of my measure of enforcement costs, δc, with the relative occurence

of litigation between two sectors, as measured by z
(1)
ni and z

(2)
ni . In columns (3) and (4) I use the

interaction of δc with the measures ω
(1)
ni and ω

(2)
ni that I have backed out from z

(1)
ni and z

(2)
ni using

my contracting model and the distributional assumptions explained above. Finally, columns

(5) and (6) use the full structure of the disturbance term dni, as given by (2.1.2), using ω
(1)
ni and

ω
(2)
ni , respectively. The coefficients are negative, and, in most cases, significant. This supports

the view that, all else equal, sectors in countries with high enforcement costs use relatively less

inputs that are very relationship-specific.

The estimates of β in equation (13) may be biased due to the presence of unobserved het-

erogeneity. In particular, the model of Section 2 suggests that the productivity of the upstream

22I use the Beta distribution for convenience: its support is the unit interval, it is unimodal, and the density
approaches zero at both extremes.
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industry should affect the intermediate input expenditure share. The estimates in Table B3

control for upstream sector heterogeneity by including upstream industry times country fixed

effects. This is only possible because my measure of dependence on court enforcement varies

across industry pairs, unlike measures used in existing work. In each specification, the estimate

of the coefficient of the enforcement cost/dependence interaction has a negative sign and is

significant at the 5% level.

Table B4 shows estimates where I include a downstream industry times country fixed effect,

in order to additionally control for unobserved heterogeneity in the downstream sector, which

may be present due to imperfect access to credit (Acemoglu, Johnson, and Mitton, 2009; Rajan

and Zingales, 1997), and scale effects. Again, the estimates are negative and significant at the

5% level.

4 Structural Estimation, and Quantitative Results

In this section I use the model of Section 2 to structurally estimate the elasticity of the in-

put expenditure share with respect to contracting frictions. and use the parameter estimates

together with the model equations to quantitatively evaluate the importance of contracting

frictions for productivity and welfare.

4.1 Estimation Strategy

Using the same dataset as in the previous section, I estimate the structural parameters in

the formula for the input expenditure share of sector n on inputs from sector i in country c.

Given the high dimsionality of the estimand (T ci and Scn are each 3815 parameters, γni are an

additional 1225), I use a simple nonlinear least squares criterion:

(
θ̂, ρ̂, σ̂, γ̂, T̂, Ŝ

)
= arg min

θ,ρ,σ,γ,T,S

∥∥∥∥Xc
ni

Xc
n

− g (θ, ρ,σ,γ,T,S)

∥∥∥∥2

where

g (θ, ρ,σ,γ,T,S) = γniα
1−ρ
n (pcn)ρ−1 T ci (µnp

c
id
c
ni)
−θ(

Scn + T ci (µnp
c
id
c
ni)
−θ
)1+(1−ρ)/θ

and the sectoral price levels are given by (9). I also impose the conditions for existence and

uniqueness of an equilibrium, Proposition 4. For every set of parameters I solve for the model’s

equilibrium price vector p and calculate the expenditure shares. Even though it is impossible to
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write g as a function of the parameters directly, the gradient admits a closed-form expression,

which makes the procedure computationally feasible.

Table (1) shows the estimation results, once using the preferred d
(1)
ni measure of contracting

frictions, and once with the alternative measure d
(2)
ni (robust standard errors in parentheses).

Table 1: NLS estimates of θ and ρ

d
(1)
ni d

(2)
ni

θ 1.479 [todo]
(0.449)

ρ 6.368 [todo]
(1.193)

Using d
(2)
ni the elasticity of the input share, θ, is 1.48, which is well below the trade elasticities

typically estimated using structural gravity equations (Head and Mayer, 2013). The elasticity

of substitution between broad input baskets ρ is high at 6.37, which reflects the large cross-

country dispersion in Input-Output table expenditure shares. Lower values for ρ will mean that

the impact of contracting frictions would be larger than reported here.

4.2 Welfare Analysis

Table (2) shows the output gains and consumer price level reductions that would arise if all

countries had the same enforcement costs as the United States. [see next page]

5 Conclusion

[todo]
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Table 2: Counterfactual changes when enforcement costs are set to US levels

δ ∆y, in pct ∆p, in pct δ ∆y, in pct ∆p, in pct
Albania 0.42 7.50 -3.88 Latvia 0.19 0.87 -0.49
Azerbaijan 0.21 2.54 -1.33 Lithuania 0.25 3.17 -1.76
Argentina 0.21 1.73 -0.95 Luxembourg 0.11 -2.44 1.36
Australia 0.24 2.77 -1.50 Madagascar 0.50 9.96 -5.15
Austria 0.16 -0.38 0.21 Malaysia 0.32 12.82 -5.88
Bahrain 0.20 1.66 -0.85 Malta 0.40 19.80 -8.93
Bangladesh 0.75 66.87 -20.78 Mauritius 0.24 3.81 -1.96
Armenia 0.21 1.89 -1.01 Mexico 0.35 7.23 -3.79
Belgium 0.22 3.03 -1.60 Mongolia 0.33 6.77 -3.36
Bolivia 0.38 7.91 -4.25 Morocco 0.29 5.27 -2.68
Botswana 0.36 7.03 -3.55 Mozambique 1.00 105.26 -27.74
Brasil 0.23 2.23 -1.23 Oman 0.18 0.67 -0.35
Bulgaria 0.28 4.86 -2.54 Namibia 0.38 7.81 -4.09
Belarus 0.19 0.81 -0.41 Netherlands 0.29 4.68 -2.49
Canada 0.27 4.46 -2.30 New Zealand 0.24 2.63 -1.42
Sri Lanka 0.34 11.59 -5.43 Nicaragua 0.31 4.66 -2.56
Chile 0.33 8.64 -4.21 Nigeria 0.38 5.44 -3.04
PR China 0.14 -1.14 0.62 Norway 0.12 -1.60 0.89
Taiwan 0.22 2.62 -1.36 Pakistan 0.31 7.04 -3.48
Colombia 0.59 251.68 -36.43 Panama 0.56 16.24 -7.41
Costa Rica 0.32 5.34 -2.88 Paraguay 0.35 6.46 -3.50
Croatia 0.18 0.67 -0.35 Philippines 0.32 8.76 -4.13
Czech Republic 0.39 13.69 -6.40 Poland 0.20 1.51 -0.82
Denmark 0.28 4.64 -2.44 Portugal 0.19 1.14 -0.60
Ecuador 0.32 6.68 -3.46 Qatar 0.26 3.34 -1.73
El Salvador 0.26 3.65 -2.04 Romania 0.24 2.80 -1.51
Ethiopia 0.21 1.84 -0.96 Russia 0.16 -0.47 0.25
Estonia 0.18 0.95 -0.53 Saudi Arabia 0.33 5.58 -2.84
Finland 0.15 -0.62 0.36 Senegal 0.33 4.15 -2.28
France 0.20 1.59 -0.89 Singapore 0.19 1.65 -0.82
Georgia 0.44 7.97 -4.14 Slovakia 0.30 7.02 -3.52
Germany 0.18 0.34 -0.19 Vietnam 0.34 8.71 -4.34
Ghana 0.28 6.60 -3.25 Slovenia 0.32 6.20 -3.17
Greece 0.21 1.93 -1.02 South Africa 0.38 10.09 -4.97
Guatemala 0.38 10.33 -5.20 Zimbabwe 0.35 5.66 -2.89
Honduras 0.43 32.47 -12.21 Spain 0.21 2.06 -1.11
Hong Kong 0.23 2.87 -1.52 Sweden 0.35 6.90 -3.58
Hungary 0.18 0.45 -0.24 Switzerland 0.25 4.00 -2.03
India 0.51 16.28 -7.05 Thailand 0.18 0.84 -0.44
Iran 0.21 2.06 -1.13 United Arab Emirates 0.31 5.71 -2.90
Ireland 0.31 8.72 -4.24 Tunisia 0.26 5.95 -3.04
Israel 0.33 7.91 -3.91 Turkey 0.31 4.67 -2.36
Italy 0.41 11.90 -5.80 Uganda 0.49 24.16 -10.13
Côte D’Ivoire 0.48 10.52 -5.58 Ukraine 0.44 9.17 -4.58
Japan 0.35 7.23 -3.73 Egypt 0.35 4.80 -2.64
Kazakhstan 0.25 4.66 -2.37 United Kingdom 0.25 3.58 -1.87
Kenya 0.38 10.62 -5.15 Tanzania 0.18 0.36 -0.22
South Korea 0.12 -2.30 1.29 United States 0.17 0.00 0.00
Kuwait 0.23 2.42 -1.27 Uruguay 0.25 3.92 -2.15
Kyrgyzstan 0.31 7.45 -3.66 Venezuela 0.48 12.25 -6.06
Laos 0.35 7.46 -4.06 Zambia 0.43 7.74 -4.18

Mean 0.30 9.54 -3.4817
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Appendix A Proofs

Appendix A.1 Proof of Lemma 2

We have

pni(j) = min
(
plni(j), p

x
ni(j)

)
and

plni(j) =
σn

σn − 1

w

sni(j)

pxni(j) =
σn

σn − 1

pidni
zni(j)

.

From the fact that zni(j) follows a Frechet distribution,

P (zni(j) < z) = e−Tiz
−θ

we have that

P (plni(j) > c) = exp

(
−Sn

(
σn

σn − 1

w

c

)−θ)
and analogous for sni(j),

P (pxni(j) > c) = exp

(
−Ti

(
σn

σn − 1

pidni
c

)−θ)

P (pni(j) < c) = 1− P (pni(j) > c) = 1− exp

(
−Sn

(
σn

σn − 1

w

c

)−θ
− Ti

(
σn

σn − 1

pidni
c

)−θ)

= 1− exp

(
−
(

σn
σn − 1

)−θ (
Snw

−θ + Ti (pidni)
−θ
)
cθ

)
= 1− e−Φnic

θ

where

Φni =

(
σn

σn − 1

)−θ (
Snw

−θ + Ti (pidni)
−θ
)
. (14)

Denote

Qni =

(∫ 1

0

qni(j)
(σn−1)/σndj

) σn
σn−1
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then

yn =

(
N∑
i=1

γ
1/ρ
ni Q

ρ−1
ρ

ni

)ρ/(ρ−1)

Derive the demand function for sector n firms,

min
Qni

∑
i

PniQni s.t. yn = 1

thus

Pni = λ

(
N∑
i=1

γ
1/ρ
ni Q

ρ−1
ρ

ni

)1/(ρ−1)

γ
1/ρ
ni Q

− 1
ρ

ni

Pni = λy1/ρ
n γ

1/ρ
ni Q

− 1
ρ

ni

Qni = γni

(
λ

Pni

)ρ
yn (15)

From plugging this into the formula for yn,

pn ≡ λ =

(
N∑
i=1

γniP
1−ρ
ni

)1/(1−ρ)

and similarly

Pni =

(∫
pni(j)

1−σn
)1/(1−σn)

.

The latter becomes, using the distribution of pni(j) above,

Pni =

(∫
pni(j)

1−σn
)1/(1−σn)

=

(∫ 1

0

pni(j)
1−σndj

)1/(1−σn)

=

(∫ ∞
0

θp1−σn+θ−1
ni Φnie

−Φnip
θ

dc

)1/(1−σn)

=(∫ ∞
0

θ
(
Φnip

θ
)(θ−σn)/θ

Φ
σn/θ
ni e−Φncθdc

)1/(1−σn)

=

(∫ ∞
0

θt(θ−σn)/θΦ
σn/θ
ni e−tΦ−1

ni θ
−1p1−θdt

)1/(1−σn)

(
Φ

(σn−1)/θ
ni

∫ ∞
0

t
1−σn
θ e−tdt

)1/(1−σn)

=

(
Γ

(
1− σn + θ

θ

)) 1
1−σn

Φ
− 1
θ

ni

Thus the cost of one unit of yn is

pn ≡

(
N∑
i=1

γni

(
αnΦ

− 1
θ

ni

)1−ρ
)1/(1−ρ)
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where

αn ≡
(

Γ

(
1− σn + θ

θ

)) 1
1−σn

and Φni as defined above.

Appendix A.2 Proof of Proposition 3

The probability that activity (n, i, j) is outsourced is

πni(j) ≡ P (pxni(j) ≤ plni(j)) =

∫ ∞
0

exp

(
−Sn

(
σn

σn − 1

w

p

)−θ)
dFpx(p)

=

∫ ∞
0

Ti

(
σn

σn − 1

)−θ
(pidni)

−θ θpθ−1 exp
(
−Φnip

θ
)
dp

= Ti

(
σn

σn − 1

)−θ
(pidni)

−θ 1

Φni

∫ ∞
0

θpθ−1Φni exp
(
−Φnip

θ
)
dp

=
Ti

(
σn
σn−1

)−θ
(pidni)

−θ

Φni

=
Ti (pidni)

−θ

Snw−θ + Ti (pidni)
−θ

and because of a LLN, it is also the fraction of type-i varieties that sector n sources from sector

i.

The distribution of cost pni(j) conditional on activity (n, i, j) being outsourced is

pni|x(j) ≡ P
(
pni(j) < p|pxni(j) ≤ plni(j)

)
=

1

πni(j)

∫ p

0

exp

(
−Sn

(
σn

σn − 1

w

z

)−θ)
dFpx(z)

=
1

πni(j)

∫ p

0

Ti

(
σn

σn − 1

)−θ
(pidni)

−θ θzθ−1 exp
(
−Φniz

θ
)
dz

=

(
σn

σn − 1

)−θ
Ti (pidni)

−θ

πni(j)

1

Φni

∫ p

0

Φniθz
θ−1 exp

(
−Φniz

θ
)
dz

= 1− e−Φnip
θ

= P (pni(j) < p)

From this, it follows that the fraction of expenditure on outsourced type-i activities in total

expenditure on type-i activities is also πni(j),∫ 1

0
πni(j)pni|x(j)qni(j)dj∫ 1

0
pni(j)qni(j)

= πni(j) = πni.
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Let’s calculate the expenditure on outsourced type-i activities in total expenditure. From

(15), the expenditure share on type-i activities is

PniQni

pnyn
= γni

(
Pni
pn

)1−ρ

.

where Pni = αnΦ
− 1
θ

ni . Thus, the expenditure share on outsourced type-i activities is

Xni

pnyn
= γniα

1−ρ
n


(

σn
σn−1

)(
Snw

−θ + Ti (pidni)
−θ
)−1/θ

pn


1−ρ

Ti (pidni)
−θ

Snw−θ + Ti (pidni)
−θ

= γniα
1−ρ
n

(
σn

σn − 1

)1−ρ

pρ−1
n

Ti (pidni)
−θ(

Snw−θ + Ti (pidni)
−θ
)1+(1−ρ)/θ

.

Appendix A.3 Proof of Proposition 4

Lemma 5 Suppose

fn(z) =
N∑
i

(ani + bniz
η
i )

1
η

with 1 > η > 0, and

ρ(B1/η) < 1

where B1/η =
(
b

1/η
ni

)
n,i

and ρ (·) is the spectral radius. Then f(z) has a unique fixed point z∗,

and z∗ = limn→∞ f
(n)(z).

Proof. The Jacobian is

∂fn
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η
i )1−1/η z1−η

=
bni(

aniz
−η
i + bni

)1−1/η

=

(
b

η
1−η
ni aniz

−η
i + b

1
1−η
ni

)1/η−1

=
(
b−1
ni aniz

−η
i + 1

)1/η−1
b

1
η

ni

We have that, if η < 1

lim
zi→0

∂fn
∂zi

=∞, lim
zi→∞

∂fn
∂zi

= b
1/η
ni

The second derivatives are

∂2fn
∂z2

i

= −η (1/η − 1)
(
b−1
ni aniz

−η
i + 1

)1/η−2
b−1
ni z

−η−1
i anib

1
η

ni < 0
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and 0 for the cross derivatives, thus fn is globally concave, with the Jacobian converging

monotonically to B1/η for z → ∞. Since the space is finite-dimensional, this convergence is

uniform.

Since the spectral radius is a continuous mapping, we can find a z such that ρ
(
Df
Dz

(z)
)
≤

r < 1 for all z ≥ z. Let Z ≡ {z ∈ RN : z ≥z}. Given the concavity of fn, there is a z∗ ∈ Z
such that

|fn(z′)− fn(z)| ≤
∑
i

∂fn
∂z∗i
|z′i − zi|

with ρ (Df/dz∗) ≤ r. Thus f is a Df/dz∗-contraction on Z and by Theorem 13.1.2 in Ortega

and Rheinboldt (1970) limn→∞ f
(n)(z) is the unique fixed point of f .

Proposition 6 Assume that

ρ
((
α1−ρ
n γni

) θ
ρ−1 Tiµ

−θ
n

)
< 1.

and that 0 < θ/ (ρ− 1) < 1. Then, for all (dni)n,i with dni ≥ 1 for all n, i, an equilibrium price

vector p exists and is unique.

Proof. The price vector satisfies the system of equations

pn ≡ αn

(
N∑
i=1

γni

((
Snw

−θ + Ti (piµndni)
−θ
)−1/θ

)1−ρ
)1/(1−ρ)

(16)

which can be rewritten

zn ≡
N∑
i=1

(
γ
θ/(ρ−1)
ni α−θn Snw

−θ + γ
θ/(ρ−1)
ni α−θn Ti (µndni)

−θ zηi

)1/η

(17)

with zn = p1−ρ
n and η = θ

ρ−1
. We have that ρ

(
(α1−ρ

n γni)
θ
ρ−1 Tiµ

−θ
n d−θni

)
≤ ρ

(
(α1−ρ

n γni)
θ
ρ−1 Tiµ

−θ
n

)
<

1 and 0 < η < 1, and by Lemma 5 there exists a unique z that satisfies (17) and thus a unique

p that satisfies (16).

Appendix A.4 Proof of Proposition 1

I first discuss the payoff functions in each of the outcomes. There are two cases.

1. Breach of contract, q < q∗. The buyer holds up the seller by refusing to pay M(q). The

two parties bargain over R(q), the surplus from the relationship. If they do not agree
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(settle out of court), one of the two parties will want to enforce the contract in the court

(see below). The seller’s payoff under enforcement is

(1− δ) (M(q)−D(q, q∗)) , (18)

the buyers payoff under enforcement is

R(q) +D(q, q∗)−M(q). (19)

Since R(q) ≥ 0, either (18) or 19) will be positive, thus at least one of the parties will

want to go to court. (18) and 19) are the seller’s and buyer’s outside options in the Nash

bargaining. The symmetric solution in the bargaining leaves each party with its outside

option and one-half of the quasi-rents (surplus minus the sum of outside options). Thus,

the total payoffs under breach are, respectively

πs(q|q < q∗) =

(
1− 1

2
δ

)
(M(q)−D(q, q∗))− cq

πb(q|q < q∗) = R(q)−
(

1− 1

2
δ

)
(M(q)−D(q, q∗)) .

Should it be the case that (1− δ) (M(q)−D(q, q∗)) < ωiqc and R(q∗)−M(q∗) < 0, then

the seller would prefer to revert the production rather than enforce, and the buyer would

not want to enforce. In this case, the seller’s optimization problem is the same as in (2).

2. No breach of contract, q ≥ q∗. In this case, the buyer will not have an incentive to

withhold payment M(q∗) after receiving q∗, since enforcement by the seller would force

him to pay M(q∗) plus the enforcement cost. Thus, the seller is left with a quantity q−q∗,
with a potential surplus from it. Again, the buyer and seller bargain over the surplus,

R(q) − R(q∗). The outside option for the seller is to revert the production process, in

which case he receives ωi(q − q∗)c, and the buyer receives nothing. The symmetric Nash

solution leaves both parties with the outside option plus one-half of the quasi-rents:

πs(q|q ≥ q∗) = M(q∗) +
1

2
(R(q)−R(q∗) + ωi(q − q∗)c)− cq

πb(q|q ≥ q∗) = R(q∗)−M(q∗) +
1

2
(R(q)−R(q∗)− ωi(q − q∗)c)
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Anticipating the outcomes from the two cases, the seller maximizes πs(q) over q. Since

max
q
πs(q) = max

(
max
q,q<q∗

πs(q), max
q,q≥q∗

πs(q)

)
and the unique maximum for both cases is achieved for q > 0, we only need to look at the the

maxima achieved in these two cases. In the first case, the seller maximizes

max
q<q∗

πs(q) = max
q<q∗

(
1− 1

2
δ

)
(M(q)−D(q, q∗))− cq

Denote the solution to this problem by qδ. From the first-order condition, qδ satisfies

R′(qδ) =
1

1− 1
2
δ
c.

In the second case, the seller maximizes

max
q≥q∗

πs(q) = max
q≥q∗

M(q∗) +
1

2
(R(q)−R(q∗) + ωi(q − q∗)c)− cq

with the solution qω satisfying

R′(qω) = (2− ωi) c.

Let us now turn to the optimal contract. From the discussion above it is clear that only

qδ and qω are potentially implementable. Suppose that there is a q∗ = q∗(ωi, δ) such that

maxq πs(q) = 0 for the given ωi and δ. Then, regardless of whether q < q∗ or q ≥ q∗,

πb(q) = R(q)− cq.

Since this function is concave and both qω and qδ are lower that its maximum qfb, the optimal

contract tries to implement max(qδ, qω). It remains to find (or show the existence of) a contract

each for qδ and for qω such that (a) the desired quantity is incentive-compatible, and (b), the

seller is pushed down to the participation constraint, maxq πs(q) = 0. Distinguish two cases:

1. Case 1, 2− ωi ≥ 1/(1− 1
2
δ), or, equivalently, qω ≤ qδ. In this case, choosing q∗ large and

M(q∗) such that maxq πs(q) = 0 holds will implement qδ.

2. Case 2, 2− ωi < 1/(1− 1
2
δ), or, equivalently, qω > qδ. The buyer wants to implement qω.
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Set M(q∗) = 0 and q∗ such that

R(qδ)− (2− ωi) qδc = R(q∗) + ωiq
∗c. (20)

Such a q∗ exists because the RHS of this equation is zero for q∗ = 0 and goes to infinity

for q∗ →∞, and continuous in q∗, and the LHS is positive. Distinguish two subcases.

(a) q∗ ≥ qδ. Then the greatest profit that could be obtained by breaking the contract is(
1− 1

2
δ

)
(R(qδ) +M(q∗)−R(q∗))− cqδ

=

(
1− 1

2
δ

)
(R(qδ)−R(q∗))− cqδ < 0

thus q = qω is incentive-compatible.

(b) q∗ < qδ. Since πs(q) is increasing for all q < q∗, an upper bound for the profits that

could be obtained by breaking the contract is(
1− 1

2
δ

)
(R(q∗) +M(q∗)−R(q∗))− cq∗ = −cq∗ < 0

thus q = qω is incentive-compatible.

Thus, setting M(q∗) = 0 and q∗ as in (20) implements qω with πs(qω) = 0.

Appendix B Data Description

[TODO]
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produce q < q∗ (breach)

produce q ≥ q∗ (no breach)

Start

Hold-up

settle

enforce

Payment M(q∗), excess production q − q∗ left

settle revert production: ωi

(end)

(end)

(damages D > 0)

Payoff:
S:(1− δ) (M(q)−D(q, q∗))
B: R(q)−M(q) +D(q, q∗)

Payoff:
S:(M(q∗) + ωi(q − q∗)c
B: R(q∗)−M(q∗)

Figure B1: Contracting game, given the contract (M(·), q∗)
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Table B1: Business Services as Intermediate Inputs, Across Countries, 2005

Mean input share on Business Services

Manufacturing Services

China 0.15 0.37
France 0.32 0.67
India 0.24 0.56
Indonesia 0.19 0.41
Mexico 0.24 0.65
Thailand 0.14 0.42
United Kingdom 0.30 0.64
United States 0.32 0.61

Note: Numbers are expenditure of each sector on inputs from business services sectors
divided by the sector’s total expenditure on inputs, and averaged across all manufacturing
resp. services sectors. All data for 2005, except India, which is for 2003. Business services
sectors are defined as sectors 50 to 74 in ISIC Revision 3.1, Services are sectors 50 to 95,
Manufacturing are sectors 15 to 37. Data from the OECD Input-Output Database, 2011
Edition.
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Table B2: The Determinants of Expenditure Shares on Intermediates: Benchmark Results

Dependent variable: Expenditure share of sector n on intermediate inputs from sector i, Xc
ni/X

c
n

(1) (2) (3) (4) (5) (6)

Contract enforcement interaction : δc(#Casesni/
√

#Firmsn#Firmsi) -70.90∗∗∗

(8.389)

Contract enforcement interaction : δc(#Casesni/#Firmsn) -9.312∗∗

(3.036)

Contract enforcement interaction : δc(1− ω2
ni) -0.0115∗∗∗

(0.00211)

Contract enforcement interaction : δc(1− ω1
ni) -0.00111

(0.00142)

Contracting friction term : d
(2)
ni -0.0123∗∗∗

(0.00248)

Contracting friction term : d
(1)
ni -0.00423∗

(0.00167)

Upstream × Downstream fixed effects Yes Yes Yes Yes Yes Yes

N 132300 132300 132300 132300 133525 133525
R2 0.446 0.446 0.446 0.446 0.447 0.447
F 71.44 9.410 29.59 0.612 24.58 6.418

Standard errors in parentheses

Note: Dependent variable is the fraction of expenditure of sector n on sector i in country c in total gross output of

sector n in country c.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001



Table B3: The Determinants of Expenditure Shares on Intermediates: Upstream Heterogeneity

Dependent variable: Expenditure share of sector n on intermediate inputs from sector i, Xc
ni/X

c
n

(1) (2) (3) (4) (5) (6)

Contract enforcement interaction : δc(#Casesni/
√

#Firmsn#Firmsi) -98.78∗∗∗

(24.16)

Contract enforcement interaction : δc(#Casesni/#Firmsn) -15.99∗∗∗

(4.785)

Contract enforcement interaction : δc(1− ω(2)
ni ) -0.0218∗∗

(0.00666)

Contract enforcement interaction : δc(1− ω(1)
ni ) -0.0120∗∗∗

(0.00280)

Contracting friction term : d
(2)
ni -0.0181∗

(0.00898)

Contracting friction term : d
(1)
ni -0.0131∗∗

(0.00505)

Upstream × Downstream fixed effects Yes Yes Yes Yes Yes Yes
Upstream × Country fixed effects Yes Yes Yes Yes Yes Yes

N 132300 132300 132300 132300 133525 133525
R2 0.530 0.530 0.530 0.530 0.531 0.531

Standard errors in parentheses, clustered at the country level

Note: Dependent variable is the fraction of expenditure of sector n on sector i in country c in total gross output of

sector n in country c.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001



Table B4: The Determinants of Expenditure Shares on Intermediates: Downstream Heterogeneity

Dependent variable: Expenditure share of sector n on intermediate inputs from sector i, Xc
ni/X

c
n

(1) (2) (3) (4) (5) (6)

Contract enforcement interaction : δc(#Casesni/
√

#Firmsn#Firmsi) -117.8∗∗∗

(28.70)

Contract enforcement interaction : δc(#Casesni/#Firmsn) -17.07∗∗∗

(5.000)

Contract enforcement interaction : δc(1− ω(2)
ni ) -0.0279∗∗

(0.00884)

Contract enforcement interaction : δc(1− ω(1)
ni ) -0.0128∗∗∗

(0.00308)

Contracting friction term : d
(2)
ni -0.0224∗

(0.0108)

Contracting friction term : d
(1)
ni -0.0148∗∗

(0.00551)

Upstream × Downstream fixed effects Yes Yes Yes Yes Yes Yes
Upstream × Country fixed effects Yes Yes Yes Yes Yes Yes
Downstream × Country fixed effects Yes Yes Yes Yes Yes Yes

N 132300 132300 132300 132300 133525 133525
R2 0.536 0.536 0.536 0.536 0.537 0.537

Standard errors in parentheses, clustered at the country level

Note: Dependent variable is the fraction of expenditure of sector n on sector i in country c in total gross output of

sector n in country c.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001


