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Abstract

This paper demonstrates that the division of delivery-related tasks between interna-
tional buyers and sellers constitutes an important margin of trade, and bers the brst
theoretical analysis of the allocation of control over such tasks. The model describes
a sequential production process B consisting of manufacturing and distribution B in an
incomplete-contracting environment. Contracts between exporters and importers spec-
ify shipping volumes and assign responsibility for delivery to one of the parties. The
pair sequentially bargain over the value added by unveripable!erts at each produc-
tion stage. Bargaining power initially resides with the exporter, but transfers to the
party in charge of distribution at the factory gate, owing to the latterOs residual control
rights over the output from delivery related activities. Trading partners thus allocate
delivery rights to minimize the distortionary e! ects of these bargaining externalities.
The exporter has a strong motive to over-invest in quality, and should thus be deprived
of consignment rights unless his leort is particularly important in the delivery process.

*PhD candidate, University of Virginia. | am grateful to Kerem Co !ar and John McLaren for their
patience and support throughout the process, to Simon Anderson;lhan GYner, and the International Trade
Group at UVa for feedback, and to the Bankard Fund for Political Economy for Pnancial support.



1 Introduction

The international trade literature has delved into the mechanisms behind theftects of trans-
portation costs, policy and institutional barriers, and information costs on international
trade, surveyed inAnderson and van Wincoop(2004. These trade costs have tangible ef-
fects on global value chains, the set of tasks involved in bringing a good or service from
its conception to its end use (Global Value Chain Initiative,2017. Modern supply chains
(manufacturing and distribution processes) are more susceptible to such barriers, given the
surge in dfshoring and just-in-time production, which require several interrelated shipments
to accomplish previously straightforward tasks. The viability of supply chain technology
improvements therefore depends on the relative magnitudes of the cost savings from Oun-
bundling® production across borders and the sum of trade costs incurred at each interface.

Trade policy intervention has unmistakably alleviated some of these costs. For example,
many countries dfer duty drawbacks, refunding import duties on intermediate productions
upon the exportation of the resulting goods. However, it is unrealistic to expect silver-
bullet policies that address all possible impediments to supply chains. This chapter studies
the distribution component of supply chain management, which has long taken a back seat in
the minds of policy makers, who often focus on the organization of the manufacturing phase.
However, distribution physically links one manufacturing phase in the supply chain to the
next, and successful distribution relies on executing various costly and often unpredictable
logistical and administrative tasks. Itis incumbent upon buyers and sellers, interacting across
national borders, to coordinate these tasks when sending goods from the sellerOs location to
their intended Pnal destination.

| focus on trade costs arising from therganization of distribution in global supply chains,
debned as the allocation of delivery-related tasks between buyers and sellers party to interna-
tional transactions. This allocation matters whenever trading partners dier in their ability
to execute the various tasks, and cannot directly compensate each other for thefioets to-
wards smooth logistical operations. Such scenarios abound outside the present setting, with
parties often resorting to indirect mechanisms to encourage valuabl&ast. For example,
they may link payment to observable outcomes faliated with the underlying productive
effort. Applying this insight to distribution, buyers and sellers may condition payments on
the state of the shipment at the destination. However, it may be dicult to verify shipment
quality in all but the extreme cases when goods are damaged beyond repair, or worse, lost in

1However, despite plaudits for historically low tari#s, Bown and Crowley (2016 conclude that non-tari#
barriers like quantitative restrictions, antidumping regulations, temporary trade barriers, and Obehind-the-
borderO policies (national subsidies and taxes, labour and environmental standards, and antitrust regulations)
still present signibcant policy-based barriers.



transit. To compound the problem, sellers may attribute goods that arrive in poor condition
to the unpredictability of long-distance shipping.

This chapter studies a potential workaround to such two-sided moral hazard problems in
an extreme contracting environment where parties can only contract on the volume of ship-
ment, the allocation of delivery tasks, and an ex-ante payment. Despite their limitations,
such contracts encourage the desirable but otherwise unveribable behaviour because respon-
sibility for a given distribution-related task often confers valuable rights over the shipment
for the duration of the task. The allocation of tasks and the associated power therefore
offers buyers and sellers an alternative means to encourage productifferts in the absence
of qualitybcontingent contracts.

Does the organization of distribution have observable implications for trade 3ows? If so,
what determines the allocation of tasks? | use Colombian transaction data to demonstrate
that this allocation is a relevant margin of trade, explaining around 2 percent of the variation
in brm-level trade, even after controlling for buyer, seller, and product characteristics. | then
build an incomplete-contracting model of production and delivery, where contracts between
exporters and importers specify the shipment volume, and designate one of the parties as
consignor. The party in charge of delivery then signs a freight contract thatféords them the
right to modify delivery following unforeseen events, ultimately determining the shipmentOs
fate. Once this auxiliary contract is in place, the exporter incorporates an unveribable level
of quality into the agreed-upon volume of goods. The buyer and seller then bargain over the
value added during manufacturing, proceeding to the delivery phase only if they come to a
mutually benebcial agreement.

| assume that the exporter possesses all the bargaining power in the brst phase of pro-
duction, thus sidestepping the decision to integrate production and sales into a single bPrm
(see, for exampleAntr’s, 2003. Instead, | focus on the optimal allocation of control over
delivery-related activities. This assignment directly #ects buyer and seller behaviour dur-
ing distribution, and, as we will see, also fiects the forward-looking sellerOs manufacturing
decisions. After manufacturing, delivery requires some OmaintenanceO activity by at least
one of the parties. Again, such féorts are unveribable and thus prone to hold-up. The
parties therefore bargain over the value added by their jointfeorts. Armed with the rights
to dictate the ultimate fate of the goods, the party in charge of distribution may threaten
to take possession of the shipment and put it to some alternative use. Foreseeing these
control-dependent bargaining externalities, the exporter and importer allocate these scarce
rights to minimize overall distortions from their brst-best levels.

This chapter contributes to the literature at the intersection of International Trade
and Organizational Economics. While existing work covers areas as diverse as owner-



ship/integration and sourcing Antr’s (2003, Antr"s and Helpman (2004; Grossman and
Helpman (2002; McLaren (2000; and Schwarz and Suedekun2014 for theoretical con-
tributions; Feenstra and Hansor(2009 for empirical tests) and the internal organization of
Prms (Marin and Verdier, 2003, | am the brst to study the organization of distribution in

international trade logistics.

| also contribute to the emerging literature on contractual frictions in sequential produc-
tion processesFally and Hillberry (Forthcoming) consider the tradedfs between arms-length
transaction costs and in-house coordination costs in determining the complexity of global
supply chains. | present a model similar in its property-rights foundations to work bjntr’s
and Chor (2013 and Alfaro, Antr's, Chor and Conconi (Forthcoming). These papers focus
on independent agents acting at each stage, and describe tlieets of investment in upstream
stages on subsequent investment decisions. In contrast, and motivated by the observation
that international distribution requires joint efforts, | allow multiple parties to undertake
productive actions at a given stage. This departure introduces strategic interactiongthin
a given stage.

In a broader sense, my work is related to research on the determinants of vertical inte-
gration, surveyed inLafontaine and Slade(2007 and Klein (2008. The Industrial Organi-
zation literature traditionally stresses economies of scale and scope, foreclosure, and double
marginalization as the main reasons to integrate activities. Such motives are bound to play
some role here. For example, alaliet (201] notes, it is reasonable to assign greater
responsibility to the larger or more experienced of the two trading parties, with the hope of
leveraging its buyer power to earn quantity discounts from the carrier. While such direct
costs play a role, this interpretation downplays the indirect costs of allocating control among
parties, as highlighted by the incomplete contracting literature.

2 Institutional background and motivation

Although there are several ways to allocate roles to each party, most international transac-
tions fall under one of the International Chamber of Commerce®@sternational Commerce
Terms (INCOTERMS). Widely adopted in international transactions, thesedelivery terms
reduce shipping-related confusion by outlining each partyOs rights and obligations during
the delivery process. Conveniently, any two terms can be ranked in terms of the exporterOs
responsibility. At one extreme, the exporter is a passive observer, and assumes an additional
role under each subsequent step. These are (in order): arranging for carriage to the port
(Opre-carriageQ), customs clearance at the origin, loading the shipment onto the vessel, inter-
national freight and insurance, unloading at the destination port, customs clearance at the



destination, and carriage to the importerOs premises (Oon-carriageO). There terms are usually
classibed into four groupsk, F, C, and D, ranked in increasing order of exporter burden.

To avoid confusion, | recode the terms so that/, F, C, and D correspond to the 1st, 2nd,

3rd, and 4th broad groups.

The Prst group consists of theFzworks (EXW) term, where the exporter simply packs
the goods and makes them available at his factoryOs gate. In some cases, he may help with
loading (at the importerOs risk), and/or obtaining customs clearance. Given the bureaucratic
hurdles sometimes associated with customs clearance, the importer may be at the exporterOs
mercy despite trading under this term. The importer can certainly lower this dependence
by hiring agents or obtaining some other presence at the origin, but often bnds it easier to
rely on the exporterOsffart in ensuring compliance with local regulations.

The second group consists of two termgiree Carrier (FCA), and Free on Board (FOB).
Under FCA, the exporter loads the goods at his premises, arranges inland freight to the port,
and clears the goods through custonts.Under FOB, the exporter assumes the additional
role of loading the goods on board the vessel. The importer arranges the remaining portions
of the trip (international carriage and insurance, and customs clearance and on-carriage).
It is crucial that the two parties coordinate the handover if they are to avoid any costs
associated with delays, such as extra storage until any errors are corrected. Such coordina-
tion requires some #ort, especially in countries with poor external support from dedicated
freight-forwarders or Odoor-to-doorQO services.

The third group also consists of two terms:Carriage Paid To (some port of destination)
(CPT), and Cost, Insurance and Freight (CIF). Under these terms, the exporter assumes the
extra responsibility of arranging international carriage to the destination port. The importer
obtains import clearance and arranges inland freight at the destination. The partiesfo#s in
Pnding reliable and &ordable carriers can make all the diierence when deciding between the
second and third delivery term groups. First, adlalbon and Bishop(2014 explain, shippers
have little bargaining power when negotiating carriage contracts with carriers, unless they
ship exceptionally large quantities and have built a history with a particular carrier. Second,
entrusting shipments to reliable carriers goes some way to preventing future hassle, given
the uncertain nature of international freight.

Finally, the fourth class consists ofDelivered at Terminal (DAT), and Delivered Duty
Paid (DDP). Relative to the third group of terms, DAT extends the exporterOs responsibility
to unloading the goods at the destination port, leaving import clearance and inland freight
to the importer. The DDP term places the greatest burden on the exporter, requiring that
he also clear the goods through customs at the destinatiorffextively rendering the importer

2In some cases, the exporter delivers the shipment at some point before the port.



a spectator in the delivery process.

By delineating the various delivery-related tasks, INCOTERMS indicate that at least
one of the parties must exert some costlyfiert to ensure successful delivery. With this
background in hand, the remainder of this section uses the universe of Colombian Prm-level
transaction data from 2009 to 2013 to establish that variation in delivery terms constitutes a
relevant margin of trade. | observe the date that each shipment was cleared through Colom-
bian customs, the associated delivery term, the contents of the shipment (quantities and
FOB values of each 10-digit HS product code), a unique tax identiber tied to the Colombian
exporter, and, in some cases, the name of the foreign importer. For most of the analysis, |
aggregate trade Rows to the exporter-product-year level. | also include importer identities
for the subset of transactions destined for Spain.

Table 1 shows the popularity of the various arrangements among Colombian exporters
using exports at the transaction level. The last row shows that a nontrivial fraction of
shipments involve customized delivery terms. According t®Ramberg (2011, buyers and
sellers sometimes make minor modibcations to the standard delivery terms either because of
standard practice in the industry, or to accommodate one partyOs exceptional needs. Among
the standard delivery terms, the second group, where the exporterOs responsibility ends at
the origin port, is by far the most popular, accounting for no less than three quarters of
annual export values.

Table 1: Delivery term popularity

Term group: Final exporter task 2009 2010 2011 2012 2013

1: None 0.8 0.5 0.4 0.4 0.5
2: Origin port 742 784 822 821 80.8
3: Destination port 116 126 7.2 7.7 7.3
4: Inland at destination 4.3 3.8 5.6 6.0 6.5
N/A 9.1 48 45 3.8 5.0

Notes: Aggregate shares of annual export values under each of the delivery term
groups. The brst column indicates the group of terms (1E, 2F, 3C, 4D) and the
Pnal exporter task (also the additional exporter task relative to the preceding
group). For example, the exporter assumes responsibility for getting the goods
to the destination port in moving from group 2 to group 3. Transactions in the
ON/AO row involve custom arrangements and do not fall under any of the four
traditional commerce terms.

Table 1 masks variation in delivery-term choice across exporters. Consider a Colombian
Prm, X, exporting exports , ,, worth of goods to the rest of the world under a delivery term



in group O = 1,2, 3,4,N/A in 2013 (this is representative of other years). Let

share,o " exports ., /) exports o, (2.1)
0/=1,2,3,4N/A

denote the Prm-level share of 2013 export values under teith

Figure 1: Distribution of delivery-term popularity, share, o, at the exporter-level
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Notes: Panel headers indicate the standard delivery term labels, the corresponding Pnal exporter responsibil-
ity, the percentage of exporters that never used a term in a given group, and the percentage of exporters that
exclusively used a given term in 2013. For example, 76% of exporters performadme delivery-related task in
all their transactions in 2013, while 8% did not help with delivery in any of their transactions. The histogram

in Panel O is the distribution of sharex o " exports, o/ o'—prcpna ©XPOrts, or among exporters
with 0 < shareyx o < 1 for the O in question. When computing the shares, the base includes exports
under unknown delivery terms (the ON/AO column in Tablel); results are similar if | exclude unclassibed
transactions.

Panel O = 1, 2, 3, 4 of Figure 1 presents the intensive-margin distribution oShare, (», for
exporters that use at least one other term in 2013. The panel headers show the share of
exporters that entirely avoid a given term, and those that trade exclusively under the term.
At one extreme of exporter burden, 76 percent of exporters were involved in some aspect
of distribution in each of their transactions, while 8 percent did not take part in any such



tasks at any point in 2013. At the other extreme, only 2 percent of exporters undertook all
delivery-related tasks in all their transactions, while 89 percent never ventured beyond the
destination port at any point during the year.

Figure 2: (Exporter-level) total exports, exports ,

a. Average annual exports by term b. exports , conditional on number of
popularity delivery terms
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Notes: Panel (a) plots a local polynomial approximation of the conditional mean of total exports conditional

on each termOs share of export& [log (exports, ) |sharexo]. Each exporter appears in each of the four
regressions. Unlike Figurel, the conditional means includes all exporters, not just those with intermediate
shares Q < sharex o < 1). Letting numtermsy denote the number of terms used byr in 2013 (i.e., thoseO
with exports,y > 0), Panel (b) plots the density f (log (exports, ) [numtermsy) of (log) exports conditional

on the number of terms. Each exporter appears in exactly one distribution. Figures are representative of
other years in the 2009-2013 window, and similar patterns emerges if | include the unclassibed term as a
bfth option.

Turning to the intensive margin within each panel, the share distributions for all terms
are bimodal, with most exporters employing a given term either very rarely, or very often.
However, Figure2 shows that such Prms account for a small fraction of annual exports. The
vertical axis in Panel (a) measures the (log of) annual Prm exports, while the horizontal axis
measures the fraction of the value these 3ows that were traded under a particular delivery
term. The four curves trace sample means of brm-level annual exports, conditional on the
fraction of annual exports under a given delivery term. Regardless of delivery term, exporters
with less diverse delivery term portfolios (those at either end of the horizontal axis) have
below-average annual exports. Setting aside the particular deliver term, Panel (b) shows the
distribution of annual exports, conditional on thenumber of delivery terms used in a given
year. Distributions associated with more OdiverseO exporters dominate those using fewer
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delivery terms.

These bguresf@er a cursory glance at the data, and the remaining part of the introduc-
tion offers a more formal analysis, decomposing the variation in (i) annual trade, and (ii) the
popularity of predominantly exporter-controlled trade into various &ects. To ease compari-
son with work predatingMelitz (2003, | begin by decomposing the variation in annual trade
Bows into product, destination, and delivery term #ects. | then introduce exporter &ects,
before using matched exporter-importer data on sales from Colombia to Spain to explore the
explanatory power of importer éfects. Finally, | repeat the analysis, this time decomposing
the variation in the share of trade under the two terms with the greatest exporter burden.

Table 2 decomposes the variation in aggregate exports into the variance attributable to
10-digit HS product categories, destinations, and delivery terms. In particular, consider
an arbitrary transaction characteristic, g, which may denote a single attribute like exporter
identity, or a composite like an exporter-product pair. Giverg, consider the following models
for the value of exports of productp to destination d under delivery term O:

(1) Raw :exports ,, = aj + Upe  (RLL,)
(2) Exclude, : exports ., , = Opar g + Uppa  (Rieepty) (2.2)
(3) Joint L expons o, = a) + b, + Uby  (Riuy) -

The brst model projects annual exports on a set @f bxed dfects, the second explains this
variation using bxed &ects for the remaining observation characteristics, while the last model
includes both pairs of bxed féects. The semi-partial R-squared for characteristic g is the
differenceR;,, , # RZ,...:, in the explained variation between the model that includes both
sets of bxed #ects, and that including the remaining characteristics. This statistic ffers a

rough measure of the explanatory power of transaction characteristics includedgn

Table 2: Explaining variation in aggregate exports

g Raw efect R7;, RZ..., Isolated efect
Product 0.37 0.46 0.11 0.34
Destination 0.05 0.57 0.50 0.07
Delivery terms 0.03 0.62 0.60 0.02

Notes: The raw eftect is Rgn,y g iN (2.2), the R-squared from the regression of
exportsgpy ON a set ofg-bPxed éfects. The semi-partial R-squared,R3, oft
Rgxcept g+ I the di#erence between therR?Os of regressions ekportsg g (i)
on g bxed gtects and bxed é&ects for the remaining characteristics; and (ii)

on just the remaining characteristics. See equations3.2).

Of the three individual effects, product classibcations have the greatest explanatory



power, with delivery terms accounting for a small fraction of the variation in annual ex-
ports. Table 3, which adds exporter &ects, conbPrms that some of the variation initially
attributed to delivery terms in Table 2 is actually due to exporter-level variation.

Table 3: Explaining variation in exporter-level exports

g Raw efect R7;, RZ. .., Isolated dfect
Exporter 0.40 0.70 0.55 0.15
Product 0.36 0.68 0.56 0.12
Destination 0.04 0.74 0.71 0.03
Delivery terms 0.02 0.77 0.76 0.01

Notes: Ry, 4 is the R-squared from the regression okxportsg,,y On a

set of g-Pxed gtects. The semi-partial R-squared, Rz, ¢ # Raycept g, IS the
di#terence between theR?Os of regressions ekportsg gy (i) on g Pxed ef-
fects and bxed é&ects for the remaining characteristics; and (ii) on just the
remaining characteristics.

This implies that delivery terms constitute a small but signibcant margin of trade at
the aggregate, and exporter levels. However, it is entirely plausible that importer-level
heterogeneity also explains the volume of trade. IndeedBérnard, Moxnes and Ulltveit-
Moe, 2019 document exactly such a phenomenon. With this in mind, Tablé summarizes
the role of differences across importers. | interpret these results with caution, since we lose
the destination dimension by focusing on Colombian exports to a single destination, Spain.
Nonetheless, importer-level dierences explain some of the variation in trade, conbrming
results in Bernard et al. (2019. More importantly for our purposes, delivery terms retain
their explanatory power.

Table 4: Explaining variation in exporter-importer trade

g Raw efect R:;, RZ. ..., [solated gfect
Exporter 0.61 0.76 0.60 0.16
Importer 0.56 0.78 0.73 0.05
Product 0.61 0.80 0.58 0.22
Term 0.09 0.89 0.87 0.02
Exporter-importer 0.61 0.82 0.62 0.19
Exporter-product 0.72 0.78 0.56 0.22
Ezporter-term 0.62 0.78 0.63 0.15
Notes: Ry, 4 is the R-squared from the regression oéxportsg,y,, on a set of

g-Pxed éfects. The semi-partial R-squared,R3, off Reycept g 1S the di#erence
between the R?>Os of regressions ekportsg,m, ON (i) on g Pxed gfects and
bxed etects for the remaining characteristics; and (ii) on just the remaining
characteristics.



Margins of delivery-term choice

In this section, | decompose the variation irshare; », wherei is the level of observation.

Given the paucity of trade 3ows under terms at either extreme of the exporter-burden spec-
trum, | group terms so that

share_expcontrol ;" " share; o (2.3)
0=34

is the share of predominantly exporter-controlled-transactions (where the exporter controls
port-to-port distribution). | begin by decomposing variation in share_ expcontrol ; into
exporter, product, destination, and year #ects, before considering the importer dimension
(again, at the expense of the destinationfiects).

Table 5: Explaining variation in share of exporter-controlled transactions

g Raw efect Ri;, RZ.., Isolated dfect
Exporter 0.48 0.65 0.38 0.27
Product 0.17 0.88 0.87 0.01
Destination 0.07 0.63 0.62 0.01
Time 0.00 0.83 0.83 0.00
Exporter-product 0.58 0.61 0.09 0.52
Exporter-destination 0.73 0.76 0.21 0.55
Exporter-year 0.57 0.69 0.36 0.34

Notes: R3,, o is the R-squared from the regression ofhare_ expcontrol,,

on a set ofg-Pxed éfects. The semi-partial R-squared, Rz, ; # Raxcept g+ 1S the

di#erence between thek?Os of regressions share_ expcontrol, q (i) on g Pxed
ettects and bxed #ects for the remaining characteristics; and (ii) on just the
remaining characteristics.

Table 5 shows the resulting R-squared statistics using unmatched exporter-importer data
wherei is an exporter-destination-product-year. Restricting attention to individual &ects,
exporters-level heterogeneity best explains the variation in the share of exporter-controlled
trade. This suggests that any model explaining the choice of delivery terms should, at
the very least, allow for diferences across exporters along some dimension. Turning to
joint effects, we see that augmenting either a product or destination dimension substantially

improves the model bt. Finally, allowing exporter-product-destination level heterogeneity
results in a semi-partial R-squared statistic of 0.83.

3Since we observe trade at the exporter-destination-product-year level, the results from the individual
time e#ects imply Riy g = Riy « = 0.83 and R3 = Rppny ¢ = 0.00.

except xpd
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Table 6: Explaining variation in share of exporter-controlled transactions (exporter-
importer trade)

g Raw efect R, RZ. ..., Isolated dfect
Exporter 0.69 0.89 0.66 0.23
Importer 0.73 0.94 0.79 0.15
Product 0.37 0.97 0.96 0.01
Time 0.00 0.87 0.87 0.00
Exporter-importer 0.86 0.91 0.43 0.47
Exporter-product 0.74 0.94 0.83 0.11
Exporter-year 0.82 0.95 0.77 0.18

Notes: Rg,, 4 is the R-squared from the regression obhare_ expcontrol,

on a set ofg-Pxed éfects. The semi-partial R-squared,Rg o # Raxcept o» IS the

di#erence between theR?>Os of regressions share_ expcontrol, . on (i) on g
bxed dtects and bxed &ects for the remaining characteristics; and (ii) on just
the remaining characteristics.

Table 6 shows the analogous results from matched Spanish data, wheiie an exporter-
importer-product-year. As with the unmatched dataset, dierences across exporter are the
best single predictors of variation in the share of predominantly exporter-controlled ship-
ments. However, the matched data demonstrates that importer-level heterogeneity also
accounts for a substantial fraction of the variation inshare_ expcontrol . Turning to joint
effects, diferences across exporter-importer pairs accounts for more variation than either
set of individual efects, suggesting that interactions between exporter and importer charac-
teristics are important in explaining the choice of delivery term. Lastly, allowing exporter-
importer-product level heterogeneity results in a semi-partial R-squared statistic of 0.87.

To summarize, the delivery-term margin accounts for a signibcant share of the variation
in both aggregate and bPrm-level trade, even in the presence of previously studied margins.
Further, the popularity of various delivery terms depends, at the very least, on buyer, seller,
and product characteristics. These results motivate the upcoming model, which studies
buyer-seller pairs that self-select into delivery terms based on their distribution capabilities
and the nature of the product being traded.

3 Model

This section describes consumer demand for Pnal goods, the supply chain technologies, and
the buyer-seller contracting problem.

*Since observations are at thermpt level, the results from the time e#ects imply Rg ymp = R ¢ = 0.87,
and Rgycept xmp = Rany ¢ = 0.00.
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Demand for final goods

Each market consists of. consumers, who spend their income across various industries, with
each industry consisting of a variety of dierentiated products. FollowingAntoniades (2019,
the representative consumer derives sub-utility

#X([awr %z(w)di)z

from consuminggg units of a numZraire good andy (w) units of quality z (w) of variety w
in a given sector. The parametersy, y > 0 ref3ect preferences for the fferentiated varieties
relative to the numZraire, whiley > 0 measures love-of-variety within a sector. Leyy
denote individual consumer income from inelastically supplying a unit of labour. In addition

Ui = i+ [l @) +z@)# ] (0 @) +2w)) +12(0) o (@) d
@)

to these labour returns, workers have an exogenous endowmegit> 0, of the numZraire. |
assume that this endowment is large enough to guarantee positive demand for the numZraire,
thereby eliminating any income éects in demand for the diferentiated good. Consumers
maximize utility U; subject to the budget constraint

os+/p<w>qc<w>dw$ v+

Conditional on quality, these preferences deliver linear inverse-demand and quadratic revenue
functions,

P2 =A+yz# Lq  r(@.2=(A+yz# l)q (3.2)

whereA " (v + xN )! "(ax + xNp# yxNz/2) > 0, which depends on the destination-wide
average pricep, and quality, Z, is an exogenous demand shifter from the perspective of the
seller of any given variety. Note thaty, which measures love-of-variety, also determines the
marginal efect of quality on sales revenuer (q,z)/ 9z = vq. This observation will drive
many of the subsequent results.

Supply-chain technology

Having met exogenously, a potential exporter and importer, indexed bX and M, work
together to serve theL consumers described above. The importer has direct access to
the Pnal-goods market, while the exporter owns a manufacturing plant with independent
physical-unit-production and quality-creation techniques, in the sense that the marginal
product of any given input into quality creation is independent of the scale of production,
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and vice versa.

The exporterOs factory capabilities are summarized by the péi, <), wherec > 0 is
the marginal cost of producing physical units, andy, > 0 shifts the marginal cost of quality
innovation. Specibcally, the total cost of producingj units with initial/factory-set quality z
is

C (9,2 =cwq+ %?ﬂozz, (3.3)

wherew is the prevailing wage in the source country.

| index shipments by their volume, quality, and location, so that the paifq;, z;) represents
g units of quality z; at location i % {0, 1}, wherei = 0 corresponds to the manufacturing
plant in the source country, andi = 1 is the destination market. Although quality is a
vertical characteristic according to consumer preferences if.{), | assume that it is suitably
tailored to some subset of the population linked to the initial importetM . The exporter is
therefore subject to hold-up if he produces a bundle with any given importer in mind. Once
the exporter producey o, zy), one of the parties takes possession of the bundle and oversees
distribution to the destination.

In addition to transporting the goods across space, delivery may alter their physical
characteristics. Throughout, | will assume that the volume of the shipment is bPxed at its
factory level q, (let g denote this bPxed level), while its quality may change during transit. In
particular, j %{X,M } may exerte; units of unveribable €ort at a cost @Z)jej?IZ to improve
shipment quality. Individual efforts then combine via the aggregator

E(ev.en) = (e +(1# n) &), p%(0,1), (3.4)
wheren %(0, 1) measures the relative importance of exporteifiert in quality-maintenance,
while p is related to the substitutability of individual efforts. For example, large values of
may indicate origin-specibc regulations that explicitly require exporter participation. Given
the partial specibcity of quality to M Os intended consumers, the marginal product of such
maintenance &ort depends on the pairOs relationship surviving past the distribution phase.
In particular, quality at the destination is proportional to a Cobb-Douglas composite of
factory-set quality and the aggregate maintenanceffert, and is equal to

21 (Elz)) =2 "E®,  B%(0,1), (3.5)

if the relationship survives transit-stage bargaining, and z; (E | z,) if the relationship breaks
down, whered %0, 1) measures the Osalvage valueQXoM ) # specibc quality. The param-
eter 5 measures the importance of quality maintenanceferts relative to the initial quality
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Zy, in determining Pnal quality.

3.1 First-best contracts

If initial quality and maintenance efforts are veribable to third parties, the importer proposes
a contract (q, %, ex, ey, S) that specibes the desired physical output, initial quality, each
partyOs maintenancefferts, and a payments %R to the exporter

max r (q,21 (E (e)(, e]\/])| Zo)) # %¢M62M #s

4,20,EX »EM S
1 1 (3.6)

s.t. s# <cwq+ 5%23 + §¢Xe§<> & 0.
The importer chooses the transfes that just secures exporter participation, which implies
that the importer maximizes sales revenues net of the joint (across parties) production and
distribution costs.

Conditional on the Prst-best shipping volume and initial quality,(Qrz, zo #5), j Os optimal
maintenance éort is

1

€.r5 (UrB, 20,rB) = (’YQFB BZéEFﬁB! ?;) . ®j.FB, (3.7)
where )
! FB " (7] ¢§(,FB + (1 # 77) S)\J,FB)T ) qu,FB " (%) | . (38)
J

The term ! pp is a share-weighted index of individual distribution capabilitiesg; rp, itself
a share-weighted measure ¢Os marginalféciency. Large values ob, rp indicate that | Os
effort is particularly important, and/or cheaper on the margin. Returning to (3.7), brst-
best individual eforts are increasing in shipment volumegrz, consumer love-of-variety;y,
and, if 5 > p, in the exporter-importer pairOs joint capabilities! 5. The brst two efects
follow from the fact, alluded to when discussing consumer preferences, thameasures the
marginal returns to quality (in terms of higher sales revenue).

Given the CES éfort aggregator, j Os féort, relative to #j Os, and to the aggregate, are

_1
&rp _ $jrp _ ( n; U j) 2 & rp _ $irB (3.9)
& jrB O jFB L# n; ¥ ’ Ere ! FB

All else equal,j contributes relatively more if their efort is more important (n; > 1/2), or
they are more dicient at the margin (v;/+_, < 1).
While individual efforts are of interest in their own right, we are ultimately interested
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in aggregate #ort, which combines with factory-set quality, z,, to determine Pnal quality.
Substituting (3.7) into (3.4), the brst-best aggregate féort,

P
Ern (arm zorm) = (1000 820l 7). (3.20)

is increasing in the shipping volumey g, initial factory quality, z, pz, and aggregate pro-
ductivity, ! rg. This follows from two simple observations. First, the marginal return to
aggregate #ort ultimately derives from the resulting increase in sales revenue due to higher
quality goods at the destination,vq. Second, aggregatefi®rt and initial quality are com-
plements in the production of Pnal quality, so thatz, 5 increases the marginal returns to
aggregate éort.

Having established the optimal maintenancefforts conditional on (0rg, Zp r5), We now
turn to initial quality. Simplifying,

2 (2!

: 2= (1
2075 (4) =" 20,r7d, "or" BT(1# B) 2 (%) vy > 0. (3.11)

The term " ., pp Summarizes the role of the supply chain technology. Holding the shipment
volume constant, higher quality goods leave the factory whenever quality creation is partic-
ularly cheap (low+)), or when the parties are adept at distribution (high! rz). Conditional
on distribution capabilities, the exporter creates higher quality goods when producing large
volumes. Again, this follows from the complementarity between Pnal quality and volume in
revenue generation.

Combining the prst-best factory quality 8.11) and aggregate #ort during transit,

-
Erp(d) =" grpd, " BFB" <5" i!(),f“B! ?;) o, (3.12)

according to the Cobb-Douglas technology3(5), yields quality-at-destination

1A
z1r3(Q) =" .1,r3 74, “arF " i!(]é‘B" %,FB =B’ (1# 5)1! ’ <¢i> ! ?ﬂ? ?) > 0,

’ (3.13)
which, like initial quality and aggregate maintenance féort, is linear in the shipment volume,
and increasing in the (Prst-best) joint distribution capabilities! rp.

Finally, the Prst-best shipping volume is the unique that equates the marginal revenue
and marginal cost of output. From @.2), an increase in shipment volumes changes revenues
by A # (29/L )q, and, operating through the Pnal quality given in 8.13, further raises
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revenue by(z; rp + 90z, pp/ 09)~.> Similarly, the marginal cost of output consists of the
marginal cost of producing the physical units¢w, and the induced marginal costs of factory-
quality, (9/0aq) {1023 5/ 2}, and distribution efforts, (9/ 0q) {Zj wjejFBIQ}. Again, (3.11)
and (3.10 imply that the last two terms are both positive because larger volumes result in
higher levels of factory- and transit-éorts.

At this stage, it is worth comparing the current setup toAntoniades (2019, which as-
sumes that quality is Pxed at the factory level (equivalent to letting? ' 0). Subsequently,
the marginal return to output in that paper is simply A# (2+/L ) g# cw. Whether shipment
volumes difer from this benchmark depend on the sign of the quality-mediatedfect, which
is summarized in Lemmal.

Lemma 1. Setting aside the standard net return to volume, A # (2vIL )q# cw, the net
quality-mediated marginal gain to shipping volumesimplifies to

0z 0 ;
(oo 52) 0 S5 300
j

=87 (1# B)" P (1 o) 715 Py,

"ol AFB

(3.14)

which 1s
1. always positive;
2. increasing in vy, which measures the marginal effect of quality on sales revenue;
3. decreasing in the marginal cost of quality-creation, Vg;
4. increasing in the trading pair’s joint distribution capability ! pp.
Proof. See SectiorA.1. |

The Pprst part of Lemmal implies that Prst-best quantities in this paper exceed those in
Antoniades (2015. Specibcally, the brst-best shipment volume solves

L A# cw

2y
A# Zlg# cw 92 —0 Qs =
L q + PY q,FBq 0 B 27 1# Lfyll q,FB

————
Antoniades (2015)

(3.15)

through quality choice

St is clear from (3.13) that this additional term is positive.
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The (X, M ) pair trade whenever

Positive margin : c < Alw

. . (3.16)
Limited quality-scope :  L~" ,rp < 1.

As in Melitz and Ottaviano (2009, the brst condition determines trade participation  given
demand conditionsA and labour costsw, the exporter/manufacturer must be stficiently
productive for exporting to be probtable. The second condition ensures declining marginal
revenue, thus curbing the forces that generate ficiently steep Oquality laddersO Antoni-
ades(2019, where brms are more likely to innovate in quality if they face low innovation
costs (lowy), markets are large L large), varieties are stiiciently differentiated (y large).

In contrast, the (3.11) and (3.13 guarantee quality innovation regardless of market size,
exporter capabilities, or consumer preferences. However, the trade conditidh1© limits
the joint magnitude of L, v, and" , rp (the analogue toyy in Antoniades (2015).°

3.2 Holdup and the role ownership

In this section, | assume that maintenance costs and the value of the goods are unveribable to
outside parties, so that the exporter and importer cannot sign quality-contingent contracts.
Further, suppose the parties cannot commit to a revenue-sharing scheme. Instead, the
contract betweenX and M simply specibes the desired level of physical outpug, the
consignor,®, and some initial payment,s, from the importer to the exporter.

Figure 3 illustrates the order of play. First, the importer proposes a contractq,O, s).”
The exporter accepts the contract if his expected paffofrom the ensuing production and
distribution stages exceeds his reservation utility, which is normalized to zero. Substitut-
ing the binding participation constraint, and letting z, » and e;» denote the equilibrium
(volume-contingent) levels of initial quality and maintenance by partyj, the second-best
contract solves

1, 1
max 1 (0,2 (E (exo,euo)|20.0)) # (cwq+ SUZio+ ) 5%‘6‘?,0) : (3.17)
Unlike the brst-best @.6), the importer cannot decree that the parties take particular
unveribPable actions. Instead, she must induce the exporter (and herself) to choose the desired

levels of these unveribPable inputs in a manner consistent with their selbsh interests.

6] show in SectionA.2 that ( 3.15) delivers the Antoniades (2015 equilibrium, which assumes that quality
is bxed at the factory level ¢ ' 0).

"The PrincipalOs identity is irrelevant if we assume that both parties have quasilinear preferences and
unlimited wealth.
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Combined with the diminished value of the existing bundle to alternative buyers, this
contractual incompleteness implies that the parties potentially bargain twice over any po-
tential surplus from maintaining their relationship. They Prst bargainafter the exporter has
hired the | = cqworkers consistent with the desired output and sunk the initial #ort z,, but
before z, has been incorporated into they units. For example, the importer, well aware that
outside parties value only a fractiony of the initial quality z,, may want to renegotiate the
terms of trade after the exporter has already exerted somé@t towards z,. If the parties
arrive at a mutually benebcial arrangement, they initiate the delivery stage with the bundle
(d,%). However, if they disagree on the terms of trade, the relationship is terminated, and
the exporter proceeds independently with the bundléq,dz,).®

3.2.1 Distribution phase

If they maintain their relationship beyond the factory, the exporter and importer exert some
maintenance ort towards (q, z). However, just as with the exporterOs qualityreating ef-
fort, the parties bargain over some unforeseen contingency after exerting maintenanfferée
but before incorporating these forts into the factory-set bundle (q,%). If the relation-
ship survives this second round of bargaining, the parties produce, z (E|z,)), which the
importer sells for

(N (Ela,2)" T (0,2 (E|20) = (A+92 (E|z)# [d)a. (3.18)

Unlike the factory-bargain, their disagreement payiis depend on consignorOs identity. Let
vj{o (E|zo,q) denotej Os disagreement pajjavhen O controls delivery, taking the aggregate
maintenance &ort, E, and initial quality and volume, (z,, q), as given. Control over distri-
bution determines disagreement outcomes because most contracts of carriage grant the party
in charge the right to decide how to proceed following unforeseen events during shipment.
For example,Marcet and de Ochoa Mart'nez2009 note that such residual rights of control
stem from the carriersO obligation ® when reasonable B to await the consignorOs instructions
Owhen transportation cannot be carried out, or impediments to the delivery arise.0 These
freight contracts also éectively confer ownership over the shipment, as carriers must obey
the consignorOs wishes as to the intended recipient. Freight contracts therefore grant the
consignor many of the rights typically associated with ownership. With this in mind, | refer
to the party controlling delivery as the consignor or owner.

Because some of theffert is lost if the parties fail to reach an agreement, Os disagreement

8] do not consider factory integration; see the vast literature on vertical integration in the face of holdup.
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payoff, gross of the sunk maintenance cost, is
Vio (Ela,) = lo; 1% (E|q,2) " To; (A+70z(E|lz)# [a)a,  (319)

where 1—; indicates thatj controls distribution. That is, O earns the sales revenue from a
bundle embodying a fractiony of the aggregate maintenancefirt, while the non-controlling
party is left empty-handed. Consumer demand3.2) implies that higher initial quality ren-
ders the consignorOs outside option more valuable in proportion to the shipment volume.
However, larger volumes do not necessarily imply a more valuable outside option B the bnal
salvageable quality must be dficiently large, exceeding the threshold™ Y = 2q/L # A/ ~, an
exceedingly dificult task when shipping in more diferentiated sectors or to smaller markets.

The property rights literature in the tradition of Grossman and Hart(1989 and Hart
and Moore (1990 stresses the distortionary #ects of control rights in environments where
parties make ex-ante non-contractible investments, as | assume here. Several variations of
these models focus on environments where parties undertake too little of some productive
activity (relative to the brst-best) because they anticipate earning but a fraction of the
marginal value of their investments. As we will see, the exporter and importer mayver-
invest, owing to the exporterOs ability to inRuence future outcomes through his factory-based
choices.

Definition 1. The transit-stage renegotiation surplus under O# control is the difference
between the value of reaching an agreement during transit-stage bargaining and the joint
disagreement payfis

R'(Elg,z) = r'V(E|q,2)# r°“" (E|q,2)

(3.20)
= (1#6)-19-z (E|2).

This surplus is the diference between the value added through maintenancéoets dur-
ing transit within and outside the relationship. Inspecting the revenue function3.2), the
marginal return to quality is proportional to vg. The parties are thus more eager to reach
an agreement when shipping large volumes, and thiffect is magnibed when the goods in
guestion are highly diferentiated.

Further, the transit surplus is increasing in1# ¢, the specibcity of &ort to the particular
exporter-importer pair. The surplus approaches the entire valued added in transit as these
efforts become increasingly specialized td Os consumer base. At the other extreme, there
is nothing at stake during bargaining if quality is just as valuable outside the relationship
(6 =1).

Lastly, recall that z; (E|z)) " zé! PE# measures destination quality, given factory quality
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Z, and aggregate transit &orts E. As a result, bargaining is pointless if initial quality, z,,

is zero, or if neither party performs maintenanceE = 0). In contrast, the renegotiation
surplus is large whenever high-quality bundles leave the factory, and/or the parties exert
a great deal of &ort before bargaining. Gathering these observations yields the following
sufficient condition for OsuccessfulO transit-stage bargaining.

Proposition 1. The parties reach an agreement during transit-stage bargaining whenever
(i) maintenance effort is partially-specific to the relationship; (ii) the shipment embodies
positive quality levels upon leaving the factory; and (iii) at least one party exerts effort

towards transit-stage quality maintenance.’

Under simple Nash bargaining over the transit piej earns their disagreement pay
plus half of the renegotiation surplus. Taking the other partyOs choice as givemnticipates
earning

OUT (E]q,) + 5 R (E

1
5 q,%) # 5%‘%2-1 (3.21)

ugl‘,o (ex,en|q,2) = 1lo=; - r

from choosing choosing;.
Since the marginal returns to quality on both the ownerOs outside option and the surplus
is vq, the exporterOs best-response solves

: : . " 1
01082y "E (ex,en)” el 1 = ey, Hjo" lo=;jo+ 5 (1#90) (3.22)

In equilibrium, j equates the marginal cost of maintenance to their share of value added
during transit, adjusting for ownership rights by 4, ». This adjustment factor ranges from

a high of% (1+0) whenj controls delivery, to a low of% (1# 0) when the other party is in
charge. Delivery rights encourage owneiffert at the expense of the other partyOdferts.
Finally, if quality maintenance is entirely relationship-speciPcq = 0), then W, = % does
not vary across parties or ownership structures.

It is worth highlighting the di fferences between the current setup angintr"s and Chor
(2013, who also model sequential production. In their model, each stage B analogous to our
Ofactory® and OdeliveryO phases D is operated by a distinct agent. In their baseline model,
each agent only considers theffect of its investment on Pnal sales revenue, so thaf@t at
a given stage depends only orffert in preceding stages!

In contrast, this paper recognizes the fact that both the exporter and importer may
enhance the shipmentOs quality. This observation introducesthin-stage strategic inter-

SWhile parts (i) and (iii) seem to rely on the particular functional form for z; ( E| z), the result follows
given our demand function provided" < 1 and z; (-] z9) is increasing.

10They do consider an extension to agents who internalize the#ect of their choice on downstream pro-
duction, but drive this forward-looking behaviour to zero by considering a continuum of stages.
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actions. Specibcally, individual maintenancefiorts interact via the CES dfort aggregator
E (ex,ey). If B =p, then the parties have dominant strategies, so that the analysis fol-
lows “-la-Grossman and Hart(1989. Setting aside this knife-edge case, best responses are
upward sloping whenevers > p, and downward sloping otherwise.

The equilibrium aggregate effort is

1

Eo(a.%) = (1a-8z' "1 57)7 (3.23)

where

1
1
i

L o" E(¢x.0,0m0) = (1 o+ (1# 1) 5)\4,0)' , ®j0" (UJ,OZ_;) B (3.24)
are the control-adjusted efficiency index, and the individual control-adjusted efficiency. Like
its Prst-best counterpart 3.9), ! o is a share-weighted average of individual capabilities, with
weights corresponding to the importance of a partyOs maintenanfflere. These indices difer
in the p; » terms, which summarize the fects of relationship-specibcfiorts and ownership
on aggregate productivity. Specibcally, relative to the brst best,» scales down individual
productivities by the effective contribution to value-added,0 < p;» < 1. Effort non-
contractibility is therefore equivalent to a reduction in individual distribution capabilities
that disproportionately targets the non-controlling party.

Aggregate dficiency difers across ownership structures depending on the relative im-
portance of exporter &ort, the relative exporter marginal cost, and the substitutability of
individual efforts. Figure 4 plots the brst- and second-best joint capabilities as functions of
the exporterOs share in aggregatfoet. The panels difer in the identity of the relatively
more dficient trading partner, with Panel (a) corresponding to a more féicient importer
(Y < Px).

The Prst-best aggregate distribution capability exceeds the second-best under either
partyOs control, regardless of the relative importance of exporteffoet, 1. Further, the
joint capability under exporter-control eventually surpasses that under importer control as
exporter gfort becomes more important (ag)* 1). Lemma 2 shows that the critical value
of n depends on the relative marginal cost offért and the substitutability of individual
efforts.!!

Lemma 2. The joint distribution capability, | , is greater under exporter-control if and
only if exporter effort is sufficiently important. Specifically, the exporter’s share of aggregate
effort, n, must exceed a threshold, nif = i (Yx! Yar, p), which

11SeeA.3.1 for the proof and explicit formula for the cuto#
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Figure 4: Aggregate productivity and the contracting environment

a. More productive importer b. More productive exporter

(Vx! > 1) (Vx!ar < 1)

1 1
Exporter relevance,n Exporter relevance,n

Notes: Aggregate productivity in the Pbrst-best, and under exporter @) and importer (®a,)
control. The importer is relatively more productive at the margin in Panel a, while the exporter is
more productive in Panel b. First-best aggregate productivity exceeds the second-best under any
ownership arrangement, regardless of the value @f. Second-best aggregate productivity is higher
under exporter control when his contribution to aggregate kort, #, exceeds the threshold debned
by the intersection of & and & 4.

1. increases in the exporter’s relative marginal cost of effort, ¥x! 1y, and

2. decreases in the elasticity of substitution between individual efforts if the exporter is
more efficient (Uxl 1y < 1), and increases in the elasticity of substitution if the im-
porter is more efficient (Yxl iy > 1).

In particular, 0¥ (1,p) = 1/2; if the exporter and importer are equally productive, the pair
is better at distribution under exporter control if and only if the exporter makes the more

important investment (n> 1/2).

All else equal, the gains from transferring ownership to the exporter are increasing in his
relative productivity, 1 x/vy,. If the exporter is less productive than the importer, then joint
capability falls whenever he assumes control, with a more pronounced decline as individual
efforts become increasingly substitutable. Intuitively, wherm is large, transferring ownership
to the exporter discourages the importer from exerting that is just as valuable on the margin.
Further, ! o is increasing ing, the fraction of efort valuable outside the relationship, when-
ever OOs féort is relatively more important. This follows from the complementarity between
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d and ! ¢ in the salvageable destination quality,0z; (Ep|zy ). In spite of this, ! /!
is independent of), so that § does not single-handedly determine the ranking of aggregate
capabilities across contractual forms. In the extreme case where alternative buyers do not
value the pairOs particular quality improvementss(= 0), then Mo = % which renders!
independent of the contractual formO.

Applying Lemma 2 to the expression forEy in (3.23 provides a ranking of aggregate
effort across ownership structures:

Proposition 2. Aggregate maintenance effort is greater under exporter control if and only

if the exporter has a sufficiently large share of aggregate effort.

Returning to the investment game, individual &ort is
gio(0.2) = (1952 "1 3 7)7 650 <= (f)j—’on (a, 20>) - (3.25)

As with aggregate &ort, ownership dfectively changes the marginal productivity of &ort.
Further, in what will become a recurring theme, individual &ort is increasing in initial
guantity and quality. Finally, note that relative e fforts,

€o 0 _ ( Hj0 )2' ®jFB _ ( Hj.0 )2' €rp (3.26)

&0 ¢jo o 1 jFB H o & ;FB

are pinned down by the relative control-adjusted f&ciencies, as shown in Panel (a) of Fig-
ure 5. Like the brst-best in 3.9), relative equilibrium efforts under O-control lie along a
ray through the origin. However, the slopes of the rays under the three regimes (Prst best,
O = M, and O = X) differ due to the scarcity of control rights. Assigning ownership to one
party necessarily deprives the other of control, so that each partyOs relativog is higher
when it controls distribution:

> Marx evm _ euwrB

Ham o > > Sy (3.27)
Hx, m Hx, x ex, M ex rB ex x
Panel (b) of Figure5 illustrates the prst-best, and second best equilibriumfierts under
the two control structures, assuming thatg > p (maintenance éorts are strategic comple-
ments), $x = $,, (the parties are equally productive at the margin), andy < n¥ < 1/2
(exporter efort is not important enough to increase aggregate productivity). The solid
and broken lines indicate best responses under exporter- and importer-controlled shipments
respectively.
Comparing the brst-best &orts and the intersections either the broken®@ = M) or
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Figure 5: Best-response curves wherfferts are strategic complements{ > p)

a. Changes inv, q, zy b. Changes in ownership
- slope= 2o
- ox,0
BR& o BRX, X
O . e
E]V[ BR)(’ o . M . BRX, M
':...,:' - BR;\/I,O . . BRM, M
BRM’ o)
/’ BRM, X
E(ex ,eM ) - EM

€x €x

Notes: BRj o is jOs best response under(a# controlled shipment. Individual ! orts are strategic
complements when! > % hence the upward sloping best-response functions. Panel (a) traces
equilibrium e! orts as the delivery-stage state variablesg and z,, change, holding ownership bxed.
Panel (b) illustrates the role of ownership. The downward sloping line traces combinations of
exporter and importer € orts that result in the equilibrium level of aggregate maintenance Eort
under importer control. Aggregate € ort is lower under X-control because M Os leort is more
important (# < 1/2) and M and X are equally productive at the margin @ x = $/).

solid (O = X) lines, the brst-best individual éforts exceed their second-best counterparts
under either ownership arrangement. Further, comparing the second-best equilibria, exporter
control leads to lower importer &ort but greater exporter efort. When the importer makes
the more important investment, which is the case in the bgure, the fall in importerfert
outweighs the increase in exporter ffort, as shown by the new equilibrium lying below
the downward sloping iso-aggregateffert curve through the initial equilibrium point. In
this scenario, there is a clear ranking ofggregate effort across the various arrangements :
Erg>E A >E 4.

3.2.2 Manufacturing phase

This section characterizes the equilibrium factory-set quality, taking shipment volume and
the Nash equilibrium in subsequent transit #orts as given. The analysis delivers a control-
specibc policy ruleg, o (g), and derives comparative statics with respect to shipment volume
g and consignment rightsO.

Having accepted the importerOs contract, the exporter chooses initial quality, aware that
the parties will bargain soon thereafter, and, if successful, proceed to the delivery stage and
play the strategiese; o (q, %) derived in the previous section. The exporter thus chooses
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to maximize his paydfs across both bargaining stages. Let

Ujl,O (9,2)" U},o (exo(q0,%), €m0 (0,%)d,2%) (3.28)

denote the corresponding equilibrium payis from bargaining in transit, where, recall,u}@
in (3.2]) is j Os objective in the distribution investment game.

Since | rule out factory integration, disagreement at this stage leaves the importer empty-
handed. That is, her factory-disagreement paybis V9, (q,2) = 0. In contrast, the exporter
can appropriate a fractiond of the relationship-specibc factory-set quality? Thus, if the
parties disagree, the exporter independently initiates the delivery phase with the bundle
(9,0zy), eventually adfloading the Pnal bundle on a less enthusiastic buy€t.In the absence of
the initial importer, aggregate transit efort is E (ex,0) = n'/?ex, which implies destination
quality of z; (nl/PeX\ 520). The exporterOs disagreement pdfdn the factory-based Nash
bargaining game is

V% (q,2)  max {r (.2 (E (e.0)] 62,)) # %erQ} , (3.29)

the maximized probt from selling the bundle to some alternative buyer. In this branch of play,
exporter dfort in the transit phase is characterized by a single-agent prst-order condition
rather than a pair of best-response functions as irB(22. The optimal ObreakawayO transit
effort is

1

ex,soro (4, 2) = <VQ' Bz 1 @’OPLO) ™ px.s0L0) (3.30)
where
1
. 1 . 7751! BN\ 2=
' soro (W)g(,sow + (1# n) ¢§]\4,50L0)! , dx,50L0 ( o ) ,  Om,soro =10

assume the roles of the ownership-adjustedtieiencies! » and ¢; », with (5“ B, 0) assuming
the role of (Ux .0, Hu,0) iNn the cooperative outcome. The restrictionp, soro = 0 refects
the importerOs inactivity in the exporterOs sole venture and the exporterOs sole access to
the shipment. Like the cooperative maintenancefirts, this threat-point-maximizing effort
is increasing in the shipment volume and the degree of productfidrentiation. Note that

12t the cost of extra notation, | could allow the salvageable components of factory and transit éort to
di#er. All subsequent results are robust to the simplifying assumption in the main text.

B3For simplicity, | assume that the exporter uses some exogenous delivery system to get the shipment to
its alternative buyers, rendering the existing carriage contract worthless.
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aggregate éort is
Esoro (0.2) = (1052 "t 2i0) " - (3.31)

Having derived the exporterOs disagreement p&yave now turn to the value of coop-
eration during factory-phase bargaining. If the parties reach an amicable settlement, they
proceed to the delivery phase with the higher quality bundlég, z), and then play their equi-
librium strategies (3.29, earning UJ{O (0,%). Letting e;» and Ex denote the equilibrium
individual and aggregate levels in3.25 and (3.23, this branch of play earns the parties

1
ZU,O @2z) = 1" (Eola,2) + R' (Eold.2)# D ju;€0
1 ! (3.32)
J

where | use the fact that transit-phase bargaining is a constant-sum game, in which the
exporter and importer divide the sales revenue from maintaining their relationship through
delivery, net of the total efort cost.

The threat point (3.29 and the value of cooperation 8.32 debne the factory-based
bargaining game, where the parties reach a mutually benebcial agreement as long as their
joint future payoffs exceed the exporterOs immediate outside option.

Definition 2. The factory-stage renegotiation surplus under O# control, is the difference
between the value of reaching an agreement during factory-based bargaining and exporterOs
immediate outside option:

1
Zu (0,2) # V& (@.2) ="V (EolQ,2) # ) _ 1€ 0 # Vi (a,%) . (3.33)
J

Note that, unlike the distribution-phase surplus 3.20, which is analogous to the surplus
in standard single-stage production models, the factory surplus accounts for the joint p&igo
from the subsequent delivery stage.

As the unique actor in the factory phase, the exporter has considerable leeway in inf3u-
encing future play to suit his needs. He considers thdfect of his choice of initial quality
on his immediate outside optionyv% (q, %), his future bargaining paydf, Uy ,,, and B with
symmetric Nash bargaining b half the value of allowing production to advance to the delivery
stage,; >, Ujo (0, %).
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The exporterOs paybfrom factory-based bargaining, net of the cost offfort, is

1 1
Uxo(@2) = Vx(a,2)+ §R0 (0,2) # 5t02g

= %VX (9, %) Z o (0, %) # %Zo’ (5:39
where the second line follows from substituting3(33. The exporter places some weight
on the df-the-equilibrium-path event that factory-based bargaining breaks down. Unlike
the familiar one-shot production/trade models, the exporter chooses initial qualityz,, to
maximize his joint bargaining paydfs across the production and delivery phases. Assuming
no discounting, the forward-looking exporter maximizes , (4, %) + Uy ¢ (4, %), so that
his factory-stage objective is a weighted sum of three income streams: (i) his income from
a solo venture,v% (q, ); (i) his own payoff in the delivery phase, U}(O (d,2); and (iii) the
importerOs delivery-phase paﬁfoUMC9 (d,2). Specibcally, using the second line 08.34),

0

1 3 1 1
Weo(@2) +Uko(@2) = 5V (@2) +5Uko(@2)+5Ulo(@,2)# 5z

Vv Vv
Sole-venture incentive Joint-venture incentive

The Pbrst term on the right-hand side captures the gains accruing from the exporterOs im-
mediate outside option, which involves proceeding to the shipping phase alone. The second
term measures the gains from sustaining the existing relationship. Adopting the perspec-
tive of the exporter (who choosegy), | refer to %U}w (d,%) as the own-payoff incentive,

and %U}VLO (d,2%) as the rival-payoff incentive. lgnoring the positive weights unless ab-
solutely necessary, | brst sign the own- and rival-pagfoincentives, dJx , (,q)/dz, and
dU;, o (20, )/ dzy under an arbitrary contractual form, and then describe changes in these in-
centives as control transfers from the importer to the exporter, @le,x (d,2) # U\ (q, )]/ dz,.

Sole-venture e! ect. In this branch of play, the exporter opts to terminate the re-
lationship before delivery begins. The marginal return to quality on the exporterOs threat
point is

V% (9,2) 9z, (Esoro (9, %)| 02o)

. o 1B 2p é%
0z, =79 020 =709 (1# ) (’Vq Bz, " SOLO) >0,

where the envelope theorem allows us to disregard théfezts of z, on V% through the
optimally chosen éfort, ex soro (0, %).

The factory-stage threat point elicits greater initial quality in transactions involving
large volumes in diferentiated sectors. Note that ownership rights, which only matter if
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the relationship survives beyond the manufacturing phase, are irrelevant for the sole-venture
channel.

Joint-venture e! ect. The incentives to alter future play depend on the fects of
factory-set quality on the transit-stage best responses (cross-stage strategic interactions),
and on strategic interactions between individual #orts within the transit stage. Recall that
this income stream arises from the exporter appropriatingOs transit-stage payh where
j = X,M . The total effect of a change irg, on j Os transit-stage paybis

(3.35)

dUlo (z0,0) 0z, (Eo|z0) 021 (Eol2) 08 j0
_—_— j7O . ’}/q + 1
dZ(] 820 891 7 aZO

where the envelope theorem eliminates thdfect of z, on UJ{O through j Os own choice, o.
The total effect is the sum of thedirect effect of initial quality on U]{O, and the strategic
effect, mediated by# j Os response, ; o.

The direct effect combinesj Os share of value added in transit, the marginal returns to
guality, and the marginal returns to dfort in quality creation,

qazl (E0| Zo)

Mio 10—, =74- (L# £) (19- 82,1 5") ™ Wo- (3.36)

This effect is unambiguously positive, and stronger when shipping large volumes oftelien-
tiated goods. After all, factory dfort increases initial quality, which increases sales revenue
disproportionately in sectors where consumers enjoy variety. Thus, holding ownership rights
pPxed, the direct éfect encourages the exporter to create high quality goods.

Changes in contractual form &ect the direct channel through (i) the pairOs joint capabil-
ity, ! », which, according to Lemma2, is greater in exporter-controlled shipments whenever
exporter efort is particularly useful; and (i) j Os share of value added; »,, which is greater
whenj controls delivery. In principle, these #ects may oppose each other, with flerent
implications for the own and rival incentives.

Panel (a) of Figure 6 summarizes the #ects of transferring consignment rights to the
exporter on the direct éfect. The own-paydt incentive (dashed line) is unambiguously
positive if exporter dfort is sufficiently important, that is, if » > »#. Transferring control
to the exporter raises his incentives to invest, and raises aggregate productivity. Perhaps
surprisingly, it remains positive even if exporter gort is not important enough to guarantee
that ! » > ! o In other words, the exporterOs desire to extract a larger share of the transit-
stage surplus, operating throughuix o, outweighs potential éficiency concerns. In contrast,
the rival-payoff incentive (dotted line) is negative. The importer earns a smaller share of
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Figure 6: Joint-venture: Changes in quality-creation incentives induced by transfer of
ownership

a. Direct e! ects b. Strategic € ects
Joint
Own

T --__0Own
77 ~ -~

1 1

.................................. Rival _
““““““““““““ -\ Joint

‘‘‘‘‘ Rival

Notes: E#tects of transferring control to the exporter on (a) the direct (3.36); and (b) the strategic (3.37)

channels for initial quality choice. | ignore O-independent terms in these expressions, focusing on changes

in @277 =% . in Panel (a), and changes ind2 """ =5 |, o # &, o in Panel (b). The own-payo!

incentive (j = X) is the e#tect through the exporterOs transit-stage pay$ while the rival-payo! incentive
(j = M) operates through the exporterOs share of the importerOs future p&yoThe joint venture incentive
eftect is three times the own incentive, plus the rival incentive.

value-added under exporter control |{y; » < W ), Which compounds the #iciency loss
whenn < 7, and outweighs any €iciency gains whem > ¥ (again, the p,, o term, which
captures the battle over transit-surplus, dominates). If exporter f€ort is not too important
(less thann in Figure 6), the direct effect results in lower quality goods leaving the factory
under exporter control despite the exporter attaching three times as much weight to the
own-paydf incentive than to the rival-payoff incentive !4

The strategic éfect combineg Os share of value added in transit, the marginal returns to
quality, and #j Os optimal #ort,

0z, (Eolzo) 08 jo  B(1# B) ! =

| B8 ! 2="
Ko - 79 Jer, 920~ 2R 7 ((7@5261) !?9(5 m) YAW.0m i jo- (3.37)

The own-payoff incentive requires that the exporter manipulate the importerOs future be-
haviour, while the rival-payoff incentive requires that the exporter alter his own future
behaviour. The apparent switch in perspective follows from the envelope theorem. When
appropriating some of his rivals future payf Uho’ the exporter ignores changes iey; o,
leaving only his own action. In any case, the strategidfect is also positive because higher

4The cuto# # is increasing in! and %
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levels of initial quality shift the maintenance best responses outward8¢; »/ 0z, > 0), result-

ing in higher quality destination goods @z, (E (ex, ey )| z0)/ 0e; > 0). Intuitively, although

| hold the allocation of delivery rights bPxed, so that the exporter earns the same share of
the surplus, he is better € because the parties now share a larger pie. Yet again, thi$eet

is magnibed when shipping large volumes offidirentiated goods. Therefore, given an allo-
cation of property rights, the exporter creates higher quality goods than he would without
such strategic considerations.

In our discussion of the &ects of ownership on the direct channel, we established that the
desire to earn a larger share of the transit-stage surplus, operating throughe, outweighs
efficiency concerns. The same reasoning applies in the stratedieet. For example, looking
at the own-paydt incentive, we see that transferring ownership to the exporter raises his
share of value addedpx » > | x 11, While lowering the importerOsficiency, dumx < Orm-
The key departure from that discussion concern#j Os share-weightedfieiency, n ;¢ .0,
and the dfects of changes in overallfgciency.

The ¢ ; » term, which is greater wheneve# | controls delivery, appears because only
#j Os choice has a brst-ordeffezt on Uj{o. This seemingly presents an additional force,
proportional to the importance of#j Os féort (7, ;), against the p; »-driven battle over the
distribution-phase surplus. Turning to overall €ficiency concerns, giving the exporter control
of shipping (even when his fort is sufficiently important; n > n¥) strengthens the strategic
channel if and only if éforts are strategic complements.

Panel (b) of Figure 6 summarizes the #ects of transferring control to the exporter for
various levels ofy. Note that the rival effect vanishes as) approaches zero b if exporter
effort has little effect on the aggregate, then the exporter has little incentive to restrict his
future behaviour as this will have a negligible féect on the importerOs actions. Similarly,
the own dfect vanishes asl # n approaches zero. If exporterféort is important enough
(greater than 77 in Figure 6), the strategic dfect results in lower quality goods leaving the
factory under exporter control. These qualitative properties hold for all values ¢f and p;
that is, regardless of whether maintenancefferts are strategic complements or substitutes
as determined by the sign ofs # p. Instead, g and p affect the cutdf 77 beyond which
the strategic dfect leads to lower quality goods under exporter control. In particulary is
increasing ing and decreasing imp.

To summarize, transferring control to the exporter #ects initial quality through direct
and strategic channels. The direct channel encourages higher quality goods under exporter
control when exporter éfort is sufficiently important, while the strategic channel discour-
ages higher quality goods if exporter control is too important. The remainder of this section
combines these two counteracting forces, deriving affaient statistic for the effect of con-
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tractual form on the choice of initial quality. We will see that initial quality is higher under
exporter-control regardless of the importance of exporteffert, n, or the nature of strategic
interactions within the delivery stage.

Relegating the details to SectiorA.4, the brst-order condition for initial quality, which
equates the marginal cost and benebt af,, delivers

20,0 (Q) =" 20,070, (3.38)

where
2="

: 2 (1) 7 L) ‘e 2
" 00" BE(1# )2 (%) wsoro! soro + Y _wiol o > 0 (3.39)

J

summarizes the #ects of production and distribution technologies. Setting asidé ., » for
the moment, the exporter responds to higher shipping volumes by raising the initial quantity.
Further, initial quality, like all other e ffort levels we have considered thus far, is higher in
differentiated sectors.

Returning to " .o 0, the prst three terms, which also appear in the brst-best decision
rule " .o rp in (3.11), show that initial quality is decreasing in the marginal cost of quality
creation, . It is comforting to know that this purely technologically-driven conclusion
is independent of the contracting environment. The ternt ,, » differs from the prst-best
" .o.rp through a weighted power mean of the exporterOs individual capabilityg(j!LgV ?,and
the (ownership-dependent) joint capability,! 2* ”/?. The weights are given by

wsoro " 517, wio" AWjo (1 + in! j (¢! J”O)p) : (3.40)
2 ’ ’ 2# o

Here, the termwso,0 Summarizes exporter incentives due to solo venturdfect. It is
increasing in the fraction of initial quality useful outside the existing relationship, which, for
simplicity, is identical to the fraction of aggregate maintenanceftort salvageable in case the
relationship breaks down during the transit phasé’ Holding the value of future cooperation
bPxed, the exporter creates higher quality goods if he expects to fetch more for the goods in
the event of an early break in the relationship.

The value of maintaining the relationship beyond the manufacturing phaseffacts the
choice of initial quality through the ownership-dependent term¥o " 3. w; 0, wherew; o
measures exporter incentives through his share of ,. The term w; » comprises the direct
effect, which is proportional to A\;l; 0, and the strategic éfect, which is proportional to

15Recall that none of the subsequent results hinge on this simplifying assumption.
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Lemma 3. Ownership affects the choice of initial quality through #o " Zj wj0, where
wjo s given in (3.40). Regardless of the importance of exporter effort, n, or the nature of

transit-phase strategic interactions, sign{s# p}, the term #¢ is

1. positive for all ownership arrangements; and

2. greater under exporter control.

Part (1) of this result implies that the prospect of proceeding to the distribution phase
with his current partner encourages the exporter to create higher quality goods. This holds
despite the observation (Figure6) that the rival strategic channel may discourage initial
quality when exporter dfort is particularly important. Part (2) shows that this incentive is
greater whenever he controls delivery. Finally, applying Lemma to the second-best initial
quality (3.38 provides comparative statics ofz, » (q) with respect to the contractual form
0.

Proposition 3. Conditional on shipment volume, Q, the exporter creates higher quality
goods when controlling delivery if and only if his contribution to aggregate effort exceeds
some threshold, n* = n (Yx! ¥, p, B,0) %[0,1). The critical value 1’ is

1. increasing in 3, the sensitivity of final quality to maintenance efforts relative to factory-

set quality levels

2. zero if final quality is primarily determined by factory-set quality rather than by main-

tenance efforts during delivery (B is sufficiently low)

3. increasing in 0, the fraction of aggregate effort useful outside the existing relationship.

3.2.3 Optimal second-best contract

Having analyzed the the optimal strategies in the manufacturing and distribution subgames,
| now return to the optimal contract (3.17), which maximizes sales revenue less total man-
ufacturing and distribution costs. To clarify the analysis, | brst describe the dependence
between each component of joint welfare and the agreed-upon volumge,

First, sales revenue depends on the contra@,©) directly through the quantity sold, and
indirectly through the optimal Pnal quality. The shipmentOs bnal quality, in turn, depends on
the induced aggregate féort, now written as a a function of shipping volume by substituting
the optimal initial quality ( 3.38 into (3.23:

1

Eo(@" Eo(2o(®),0)="r070  "Epo" <ﬁ" ol b p)ﬁ (3.230)
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Substituting z, » (q) and Eo () into the Pnal-quality production function (3.5) delivers bnal
quality as a function of the agreed shipment volume

1
210(@)" z1(Eo(d)]200(a) =" 21070, "ot ib?) (56 20129 | o p))w :
(3.41)
Second, with constant returns to production, manufacturing costsgcwqg depend on the
exporter-specibPc marginal cost and the shipment volume. Lastly, quality related costs are

1 1
—% 200 (0 +Z —; (€0 ( = 5% (" zo,o’YQ)2+§$o* ( !E(’DO

)2, (3.42)

where the CES #ort aggregator allows us to write total maintenance costs using the index
$o" Z Vi * o+ This cost index inherits many properties from o, including

$x&Sm 0 'x&Im 0 &7 (Wx/Yup). (3.43)

Putting it all together, the optimal contract solves

q;

1 1 ~
max {(A + 7210 (q) # %q) q# (CWQ+ %0200 @+ JVio (OI)2) } (3.170)

| brst characterizeq», the optimal shipping volume conditional on ownership rights, and
then describe the optimal allocation of consignment rightsQ*. Relegating the details D
which follow the same steps as the brst-best solution B to Sectiard, the O# conditional
optimal shipping volume is

L A#cw
=, 3.44
where
1 1 n EO 2
"o " 00" bo # | S ho o+ 5%0% ( > ) (3.45)
ﬁ—/ A/_/ N NG P

Quality—induced increase in revenue : : N
Quality creation costs Quality enhancement costs

is the second-best analogue to the brst-best qualityfect of shipping volume debned in
(3.14. It summarizes the dfect of shipment volume on joint welfare through quality, and
has the following properties, which allow us to compare the trade volumes under the brst-best
and the two ownership arrangements.

Lemma 4. The second-best quality-mediated effect of shipping volume on joint welfare, " , 0,
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Figure 7: Optimal volumes, and Joint paydfs under dtferent rights allocations

a. Holding ", %bxed b. Increase" (dotted) or %(broken)
dx > qm
Wy > W

S &
© )
[&] (8]
g S
o o
o qm > qx 17 =20.5 <
. Wam > Wy .
2 )
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i L

Sensitivity in transit, Sensitivity in transit, g

Notes: Threshold in Panel (a) divides (! ,#)Pspace according to rankings of shipment volumesgyy (see
(3.44), and joint payo#s, Wo (see (3.46), where O = X', M indicates the party in charge of arranging
delivery. Remaining parameters: (i) the importer is more € cient at maintenance; $y < $x; (i) %=0.4
governs substitutability among exporter and importer e#orts; and (iii) " = 0.3 so that the shipment loses
70% of the relationshipbspecibc quality in secondary markets. All else equal, exporter control is optimal
whenever exporter éort is important for inbtransit quality improvements. The dotted line in Panel (b)
traces threshold for higher values of', the fraction of quality useful outside the relationship. The broken
line plots the threshold at higher values of% the substitutability of exporter and importer e #orts.
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1. always positive, regardless of the importance of exporter effort, n;

2. independent of the marginal cost of physical output.
Further, " x> " qm, if and only if exporter relevance, n, exceeds some threshold ng.

Panel (a) of Figure7 displays the threshold rule as a function of, the exporterOs impor-
tance for aggregate #ort, and 3, the relative signibPcance of transit #ort for bnal quality.
Here, the importer is more #icient (¢, < 1x), qualitybenhancing forts are suficiently
substitutable (p = 0.4), and only 30 percent of the relationshipbspecibc quality is valuable
in secondary markets = 0.3).

Consider the limiting case as bnal quality becomes insensitive to enhancements during
transit (as ' 0). In this case, the parties do not bother exerting #ort during delivery
(3.23), and the marginal dfect of additional volume simplibes to the increase in sales revenue
due to higher factorybset quality, net of the cost the exporter incurs when creating said goods

n n ]‘ n 2
w0 # 20,0 # 5t 00
Vv —

Quality—induced increase in revenue Quality creation costs
Substituting for " .o o from (3.39 and taking limits, " , + & " ,m Wheneverd $ 0, which is
impossible!® Intuitively, despite quality remaining bPxed at its initial level, the exporter is
all too eager to create highbquality goods when in control, provided he does not discount his
future payoff too heavily. Unfortunately for the trading pair, the increase in sales revenues
does not justify the costs of creating such highbquality goods. Subsequently, exporterb
control is never optimal when perceived quality is insensitive to enhancements made during
delivery.!”

At the other extreme, if quality at the destination is wholly determined during transit
(8" 1), the shipment leaves the exporterOs factory with zero quality, and the margin&eet
of additional volume consists of higher sales revenue due to highd&iogs during delivery,
net of the joint cost of gfort during delivery

1

" 2! 2(1!

o ¥ 15" # Soly"
~—~— &

Quality—induced increase in revenue .
Quality enhancement costs

181f the exporter discounts future payo#s by a factor0$ ' < 1, then
Ogx & Ogm 0 S 1# ',

so that exporter control is optimal whenever quality is su$ ciently relationship specibc.
7By continuity, importerDcontrol is always optimal for low values of ! .
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Exporter control is then optimal if transferring control raises enough revenue toffset any
rise in deliverybrelated costs, which simplipes to

!;#!%&%(m#m),

which is more likely when exporter #ort is important (7 sufficiently large).!®

Panel (b) of Figure7 illustrates changes in the threshold rule in response to changesiin
the fraction of quality valued in secondary markets, and im, which indexes substitutability
between exporter and importer ort. Compared to the baseline in Panel (a), exporterféort
must be even more important for quality enhancement if the importerOfaet is otherwise
just as good (whenp is large). Similarly, changes in the salvage value, indexed by raise
the n cutoff as long as quality is at least partially determined in the factory § < 1).

Finally, applying Lemma 4 to the expression for the optimal shipment volume 3.44)
yields a familiar result from the vast literature on productivitybbased sorting into various
activities in international trade.

Proposition 4. Conditional on unit input requirements meeting the export cutoff, more

productive (low €) exporters trade larger volumes under any control assignment.

As Mrizovi and Neary(Forthcoming) point out, this result follows from the simple
observation that c affects the marginal returns toq solely through the marginal cost of
manufacturing the physical units.

Armed with these observations, | know characterize the optimaD# conditional volume
of trade, and the optimal contract. Joint welfare underOOs ownershipVy, consists sales
revenues, less production and distribution costs:

1 1
Wo " 1 (00,210 (0)) # [CWCb + 5%Zoo (@) + ) S¥ig0 (%)21
L (A#cw)’
4y1# Ly o0

(3.46)

where the equality follows from substituting the optimal shipment volume3.44) into (3.41)

to determine sales revenue, and into3(42 to determine total costs (seeA.6). As a result,
the sign of Wy # W, is determined by the same threshold behind the ranking of shipment
volumes across contractual forms (see Figurd. After all, with linear demand, constant
marginal costs, and quadratic qualityDcreation and qualitybupgrading costs, probts from
sale of Pnal goods B which coincide with joint welfare B are linear in output.

18See sectionA.6 for details.
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Proposition 5. The exporter controls delivery if and only if his effort is sufficiently impor-
tant, exceeding the same threshold T]q# that determines whether the optimal volume of trade is

greater under exporter control.

In line with the standard result from the property-rights literature, the exporter should
assume control of delivery if his fort is sufficiently more important than the importerOs.

4 Conclusion

This paper studies the organization of international shipping when agents exert unveripable
effort in a sequential production process. It characterizes the optimal contract, and derives
optimal production and quality maintenance decisions by self-interested parties subject to
hold-up.

Individuals exert greater éfort in the second stage when trading large volumes of highly
differentiated goods. The exporter, who acts as a Stackelberg leader in the Prst stage,
magnibes this sensitivity to volume and love-of-variety by trying to inBuence subsequent
play in his favour. Both parties then exert too much costly gort, which often outweighs any
potential offsetting sales revenue. As a result the exporter is more likely to assume control
when gfort is especially important in getting the goods to the destination in good condition.
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A Mathematical Appendix

A.1 First-best shipping volume

Recall the brst-best destination quality 8.13 is

z1.p5(Q) =" 1,774,

and individual efforts

&.rp (drs) " €,rp (Urp, 20,78 (UFp)) = (5 " s %Bp>ﬁ YA¢;,FB-

Thus, aggregate maintenance costs (conditional on shipping volurgeg) are

Z %@Djej,FB (Grp)” = % ((ﬁ i!O,]ﬁJ‘B! fird > - 7qFB) Z% j,FB-
J

The net marginal benebt of shipping volume on joint Prst-best welfare equals marginal
revenue less production and distribution costs,

0z
(ot ) sy S]]

2
A# %q# Cw +

where 5 "
Z z n
Z1rp+( 5§B> Y= ( 21,FB Y9+ qla’—z'wq> v=2".1rB v*q, (A.2)
and
B! 2E " 2(1

aq {lbo Zopp + Z % €, FB} = [% (" 20r87)” + (’75' ) 20,FB7) Z ¥i 9, FB]
(A.3)

Adding (A.2) and (A.3), the term in brackets in (A.1) evaluates to

07y rp (7 (0
O e

(A.4)
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255(1#6)”(%) (1+5#6"”Zwum>.m' Y.



Applying the debnition of ! x5 in (3.8),

Z % L. Zj W (sl ;)=
r(/} T ]

T we (1 \"7? 52t p)
so that (A.4) simpliPes to3” (1# 3) <%> ! ~*q, which, in turn delivers the ex-
pression in 3.14) once we debne

" I ve (AN se
q,FB 56 (1# /8) % ! FB . (A5)

A.2 Connection with Antoniades (2015)

Antoniades (2019 ignores quality changes during transit, so that quality is bxed at the
factory level (5" 0). In this scenario,

n 1 1 n n n n 1
20,FB % 2z0,Antoniades: q,Antoniades 2_% (A 6)

Then
L 2 (A# cw)

T2y 2# AL ]
whereA is the marginal cost threshold between the Prms that produce and those that exit.
Antoniades (2019 assumes2y, > ~L to ensure positive qualities and quantities, which is
equivalent to the assumptionL~" , 5 < 1 in the main text.

(A.7)

A.3 Comparing aggregate productivity across ownership structures

Recall that transferring control to a party raises that partyOsftective productivity. Aggregate
productivity is thus greater under X -control if the resulting (weighted) gains in exporter
productivity exceed the loss in importer productivity.

La> U 0 mowen (WER# IR > (# ) Garen (Wi # i)

If exporter and importer marginal costs difer (¢ x + v,,), the above condition delivers a
guadratic equation in»n, whose solution

(Ux! Par)” # (Yx] Yar)”

# n
i (Yx! ar, p) ¥ (ol o)’ :

Yxl iy £ 1,



is increasing inyx/ ¢, and increasing inp. If 1x = vy, then debnen? (1,p) " 1/2, so that
aggregate productivity is higher underX -control if and only if X effort is more important.

A.3.1 Continuum of ownership arrangements

This section abstracts from the all-or-nothing ownership structure in the main text, instead
allowing a continuum of possible ownership arrangements, indexed by the exporterOs share
of the renegotiation surplus, %[0, 1]. Let

7O+ 1(1# ) j =X
(1#7)6+3(1#6) j=M

bej Os féective share under arrangement, and let

_1
n |l n 77 2!
s ) o ()
Vj
be aggregate and individual ownership-adjustedfeciencies. A simple threshold rule deter-
mines whether increasing the exporterOs share increases control-adjusfadency.

#

Lemma 5. ! ; is increasing in 7 for 7 < 7%, and decreasing in T for T & T, where the

unique threshold exporter share, 7™ = 7" (Yx/ ¥y, n), is
1. wncreasing in exporter relevance, n, and
2. decreasing in exporter’s relative marginal cost of effort, P¥x/ ;.

Proof. Ownership-adjusted productivity,! ., is differentiable in 7, so that

0! 0 P " ]
L= NP =" # (1# T
or 2# p ! |:77“'X,T ( 77) Mar, -

which is positive if and only if

n N (o) oria#s)
1# 7 Vx (1#7)6+1(1#0) '
Figure 8 plots these terms as functions of. With the exception of p (effort substi-
tutability), which appears on both sides of the inequality, this expression compares (i) on
the left-hand side, the éects of shipping technology (exporter relevance, and individual

marginal costs;); and (ii) on the right-hand side, the dfects of contractual incomplete-
ness (relationship specibcityl # §, and the exporterOs share of renegotiation surplug,

3



Figure 8: Ownership-adjusted productivity

rorir sy \2 2P
((1! T)6+4 (1 5))

)" 1
Exporter share,

Notes:

SinceLHS is increasing in the exporterOs relative importance, and the importerOs relative
inefficiency, it is possible thatLHS < RHS for sufficiently low 7 or large v¥'x/ ¢y, In-
tuitively, the gains from transfer additional control to X decrease as hisfiort becomes
inconsequential, or if the importer is more #cient at the margin. In either of these cases,
debner* = 0. O

A.4 Optimal initial quality
A.4.1 Solving for optimal factory quality

The marginal cost of initial quality is vz, while the marginal benept is

1#
(Z#J <#o Eo(9,2)" +wsoro Esoro (Q, Zo)ﬁ> , (A.8)
0
whereEy (q,2%) and Esoro (0, %), the aggregate maintenancefforts under a joint transit
phase andX Os solo venture, are given i8.81) and (3.23, and #, " Zj W;,0-

The factors

1 1 " g g

summarize the &ects of the immediate outside option and future cooperationSubstituting



Eo (4,%) and Esoro (0, %),

| i ) e
Yozo = (1# B) ((/@)ﬁ (va)* z ﬁ) (WSOLO! soro T#o! o ) ,
and then solving forz, yields (3.38 in the main text.

A.4.2 Proof of Proposition 3 (comparing initial quality across ownership struc-

tures)

Conditional on shipment volume,q, the brst-best, andO# controlled factory qualities are

Zorp (0) =" s0.r574, %0(Q) =" 20070 O %X, M.

Comparing interior solutions,

| "(2-1) | " (2-1)
P 5w

' soro Mo

Zore>Zoo () WSOLO ( | ) +#o <—| ) <1,

. FB - FB

and
"(2-1)

I 3 #

e M
Zox>Zom () (,—> > .

' m

Conditional on shipment volume, diferences in factory quality are independent of the
marginal cost of initial quality, vy, and the solo venture &ect (which is independent of
ownership during delivery). Therefore,

"(2-1) "(2-1)
2 2-"

sign{zo.x (O) # zom (A)} = signql 7 #a# ! g7 #u

"(2-1) "(2-1) "(2-1)
= sign{# . (! N ) F1 T (Ha# #M)}.

The brst term is positive whenever the exporterOs share of aggregdierteexceeds some
threshold n# (¢x/ ¥y, p), and increasing inn, as demonstrated in SectiorA.3, while the
second term is always positive. Figur@ depicts the threshold rule in(3, n)Pspace.

Lemma 6. Conditional on shipping volume, q, the exporter thus creates higher quality goods

when in charge of shipping if aggregate productivity is higher under his control (i.e., if n >
i (Uxl Yu, p)).

This is a suficient, but not necessary condition for higher quality goods under exporter-
control. Supposey < 7 (Yx/ s, p), SO that | 5% P/CH B g | BEEAIENE) < 1 Then there



existsn? " 0¥ (Wx!Yar, p, B, 0) < ¥ (Vx! ¥y, p) such that

T2l T2l T2l
%Mt ntl D #um (! Mmoo #HUT >$ LT (Ha# #u),
with equality at n = n”.

A.5 Optimal shipment volume

Assuming an interior solution,qg, solves

p(0.7.0 (a) + ¢ 2% az;o @) _ % {cwq+ %%Zo,o @+ %%‘ej,o (Q)Z] . (A9)
where L
1) zZo(@ = (9" 46" 8" ") 1
@ p@zEe@) " Atrzo@# (g
8 Eo ()’ "0\ (g2
B Lgueo@ = 52 (50) —52(3£2) g
(4) TR SO

The left-hand side of @A.9) is marginal revenue, evaluated at the optimal Pnal quality; o.
The right hand-side is the marginal cost of shipping volume, which, in addition to the direct
effect on factory costs,cwq also incorporates the fects on downstream gorts.

To facilitate comparison with the prst-best outcome, gather terms so that we can perform
the standard marginal benebt vs (direct) marginal cost

2
A# % (1# Ly" ,0)q=cw, (A.10)

where

n n n . n 1 n " ,O 2
20" " 00" mot 3 (% 2o+%o0* ( - ) > (A.11)

Solving for forq,
L A#cw
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A.6 Optimal ownership

This section expresses joint welfare solely as a function of ownership, by Prst expressing
welfare as a function of the volume shipped. FronB(41)

Z10(Q) =" 1,079, "o "

Final sales revenue is

fo" 1 (00,21 (Eo (6)| 200 () = (A+7" 1070 # L0 o

so that joint welfare is given by

Wo " r1o# (CWQO+ —1 (20,0 (G +Z ;€0 )
= <A+7 21,0700 # EQO)QO

n 2
<CWCb+ (wo( 200700) +$0* (lE(f 7%) ))

— [A# cw# T (1# Ly ,0) %] Q.

1 n 2
n q7O noon Zlo# - <w0" ZOO+$O ( IE(;O) )_

Assuming interior solutions under both ownership structuresgy, gy, > 0), and substituting
the optimal shipping volume into the term in brackets,

where

L A#cw
Wo " |A# cw#%(l# Ly yo)* ]

271# Ly o
= §(A# CW) Qo
1 L A#cw
= —(A#cew) ———
2 271# Ly" 40
L (A# cw)’
471#|—’V"q,(9

To compare welfare across ownership structures, factor(A # cw)*/ 4y & 0, so that

WX > WM 0 " q}X > ) q7M’

that is, the parties are jointly better off under exporter control if shipping volumes are greater
under exporter control.



Limiting behaviour as ' 1 If quality at the destination is wholly determined during
transit (' 1), exporter control is then optimal if

!;#!%&%(m# $ 1)

Substituting for ! » and $ o, this condition is equivalent to

J

All else equal, this is more likely when exporterféort is important (n large).

A.6.1 Contract-specific fixed costs

According to the optimal-O rule QVy > W o () "ax > " om0, the degree of product
differentiation, v, and destination market conditions, (L, A), do not affect the choice of
ownership, conditional on all other model parameters.

Consider instead
L (A# cw)’

T W1E LY 0
wherefo > 0 is an ownership-specibc bPxed cost that may vary across buyer-seller pairs.
Then

o #fO!

"B M , Afa#fy
(1# Ly" ga) (L# LY gm)  [L(A# cw)]*

Setting f x = f », delivers the previous result.

Wx >W ) ()
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