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Abstract
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1 Introduction

Motivated by the success of Japanese manufacturers such as Toyota, many firms have
introduced “Japanese’-style procurement practices in an effort to boost operational
efficiency.! Under the Japanese system, buyer-seller relationships are characterized by
joint learning and information sharing, and buyers motivate sellers to maintain product
quality by committing to long-run purchases at a price above sellers’ costs. Under the
opposing “American” system, by contrast, buyers choose the lowest-cost seller for each
order via competitive bidding, and low quality is deterred via costly inspection.

Given the increasingly global nature of firms’ supply chains (Baldwin and Lopez-
Gonzalez 2013), trade barriers represent a potentially important — yet under-studied —
consideration in the formation of buyer-seller relationships. Indeed, if buyer and seller
are located in different countries, the possibility of a trade war may prevent foreign
sellers from entering into the sort of long-term relationships with domestic buyers that
characterize the Japanese system. To the extent that this disincentive to adopting
the Japanese system prevents reductions in buyers’ inventory and procurement costs,
efficiency may suffer.

In this paper, we examine the role of trade policy in firms’ selection of procure-
ment systems. We propose a theoretical model in which reductions in the probability
of a trade war increase firms’ incentives to switch from American- to Japanese-style
procurement. Empirically, we show that a shift in U.S. trade policy that permanently
normalized trade relations between the United States and China coincides with changes
in the pattern of U.S. firms’ imports from Chinese suppliers along the lines suggested
by the model.

Our theoretical analysis is built around the framework introduced by Taylor and
Wiggins (1997), who demonstrate that because of the fixed cost of inspection in the
American system and the need for repeated payment of premia in the Japanese system,
shipments between seller and buyer are optimally smaller and more frequent —i.e., more
“just-in-time” — under the Japanese model. We extend Taylor and Wiggins (1997) to a
setting in which a buyer purchases inputs from a foreign supplier. We assign exogenous
beliefs about the probability of a prohibitive increase in import tariffs (i.e., a trade

war as in Ossa 2014) to both parties, and demonstrate that the lower the probability

!This movement is documented in a series of studies. See, for example, O’Neal (1989), Heide and
John (1990), Lyons et al. (1990), Dyer and Ouchi (1993), Han et al. (1993), Helper and Sako (1995)
and Liker and Choi (2004). We follow Taylor and Wiggins (1997) in using the term procurement to
refer to the structuring of purchases — in our case, imports — over time.
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assigned by the seller to a trade war, the more likely Japanese- versus American-style
procurement is to be adopted. The intuition for this result is straightforward: the
lower the probability of a trade war, the greater the seller’s confidence that a long-
term relationship with a buyer can be sustained. This increased confidence lengthens
the time horizon over which the seller expects to collect price premia in a long-term
relationship with the buyer, driving down the premium needed on each shipment to
enforce honesty and thereby the relative cost of the Japanese system compared to the
American system.

The model guides our empirical analysis of the impact of the United States’ October
2000 granting of permanent Normal Trade Relations (PNTR) to China on U.S.-China
trade. Conferral of PNTR was a non-traditional trade liberalization in that it did not
change the actual import tariffs the United States applied to Chinese goods. Instead, it
ruled out the possibility of tariff increases to potentially prohibitive levels. Specifically,
while U.S. imports from China had been subject to the relatively low NTR tariff rates
reserved for WTO members since 1980, continued access to these low rates required
annual renewals that were uncertain and politically contentious. Absent these renewals,
U.S. import tariffs on Chinese goods would jump to the non-NTR tariff rates assigned
to non-market economies originally established under the Smoot-Hawley Tariff Act of
1930. By permanently setting U.S. duties on Chinese imports to NTR levels, PNTR
may have encouraged U.S. importers and Chinese exporters to to adopt Japanese-style
procurement, particularly for products with high gaps between non-NTR and NTR
tariff rates.?

Our empirical analysis uses transaction-level U.S. import data to estimate the ef-
fect of PNTR on several measures of procurement that capture differences between
the American and Japanese systems, including average shipment size, frequency and
price. We employ a triple difference-in-differences identification strategy that exploits
variation in the gap between non-NTR and NTR rates to assess whether U.S.-China
importer-exporter-product procurement patterns change relative to imports from ex-
porters in other countries (first difference) after the change in U.S. policy is imple-

mented (second difference) in products with higher NTR gaps (third difference).®> For

2Pierce and Schott (2015) show that PNTR coincided with sharp increases in U.S. imports from
China, as well as the number of U.S. and Chinese firms engaged in U.S.-China trade.

3In our model, seller and buyer trade a single product, so the probability of a trade war and the
probability the seller-buyer relationship ends are the same. Our empirical analysis, on the other hand,
examines firms trading a wide range of products subject to varying increases in tariffs in the event of
a failed annual renewal prior to PNTR.



each procurement measure, we compare outcomes within a series of increasingly broad
bins: within importer-exporter-product triplets, within importer-product pairs, and
within products.

Consistent with the model’s predictions, we find that PNTR is associated with a
shift towards Japanese-style procurement for U.S.-China relationships, and that this
shift is more pronounced for products where the change in policy is more binding,
namely those with larger NTR gaps. In the preferred, within importer-exporter-
product specification, our results suggest that a one standard deviation increase in
the gap between non-NTR and NTR tariff rates is associated with a relative decline in
average shipment quantity of 13 percent and an increase in average shipment price of
4 percent. Via the lens of the model, the estimated reduction in average shipment size
implies a commensurate reduction in inventory costs.

To our knowledge this is the first paper to model the relationship between procure-
ment and trade policy.* The model we develop also provides an alternate perspective
on the large literature examining contractual frictions in international trade (see the
survey by Antras and Helpman 2008). A recent working paper Pflueger and Kukharsky
(2010), for example, suggests the problem of hold-up on the decision to outsource may
be solved by relationship formation, i.e., the sharing of long-term gains in a repeated
game from a sustained relationship. Here, we examine how long-term, “Japanese” re-
lationships can overcome frictions associated with guaranteeing the provision of high-
quality inputs. One attractive feature of our approach is that it yields predictions
regarding shipment patterns that can be tested using transaction-level trade data.

More broadly, our analysis contributes to several literatures in economics and op-
erations research. Our linking of a change in trade policy to firm import patterns joins
a growing number of papers examining the various impacts of specific trade policies on
firm and aggregate outcomes (see the survey by Goldberg and Pavenik 2015). We also
contribute to research examining the behavior of importers (e.g., Blaum et al. 2015),
the implications of trade wars (e.g. Ossa 2014), information frictions in international
trade (e.g., Cristea 2011) and trade policy uncertainty (e.g., Handley 2014).

The remainder of this paper proceeds as follows. Section 2 outlines our theoretical
model. Section 3 describes the data used in our empirical analysis. Sections 3.2 and
4 contain our empirical analysis. Section 5 concludes. An online appendix contains

additional results.

4Procurement within countries is a subject of considerable research in the industrial organization
literature. See, for example, Tadelis and Zettelmeyer (2015), Cicala (2015) and Bajari et al. (2014).



2 Theoretical Model

This section develops a model of optimal procurement when buyer and seller are located
in different countries. We start with the framework developed by Taylor and Wiggins
(1997) — hereafter TW — in which buyers solve a quality control problem with respect
to their inputs using one of two procurement strategies. Under the “American” system,
buyers use competitive bidding to select the lowest-cost supplier for each shipment,
and use the threat of inspection to deter provision of low quality goods. Under the
“Japanese” system, buyers incentivize honesty by purchasing exclusively from a single
seller and indefinitely paying this seller a premium over her fixed and variable costs.

TW consider a setup in which a buyer has a fixed procurement need for a single
good, and faces the problem of determining the optimal procurement pattern. They
demonstrate that shipments under the American system are larger and less frequent
than under the Japanese system for two reasons. First, the fixed costs associated with
inspection under the American System encourage buyers to minimize the number of
orders. Second, sellers under the Japanese system have an incentive to order more
frequently as a way of minimizing the payoff to a deviating seller.

Given these distortions, both the Japanese and American systems are more costly
than the first best, where sellers supply high-quality inputs without need for threat or
incentive. TW show that while American and Japanese procurement may co-exist as
local solutions to the buyer’s quality-control problem, the global optimum depends on
the ratio of the seller’s fixed cost of producing each shipment to the buyer’s fixed cost
of inspecting each shipment. Intuitively, the lower the ratio of these fixed costs, the
cheaper the Japanese system and the more likely it is to be embraced.

We generalize TW to allow for exogenous beliefs about changes in the expected level
of buyer-country import tariffs as well as explicit inventory costs. We then demonstrate
that eliminating the possibility of a trade war provides a seller with a greater incentive
to adopt Japanese-style procurement by reducing her effective discount rate. This in
turn reduces inventory costs. The model yields empirical predictions that we examine

in Section 4.

2.1 The Setting

Over time interval At a “buyer” (B) uses total inputs ¢ purchased from a “seller” (.5).

Without loss of generality, we normalize At = 1, e.g., 1 year. The buyer receives his



inputs in a series of symmetric shipments of size . As a result, there are ¢/x shipments
during each time interval, each arriving At/(q/x) = x/q time intervals apart. During
the “order cycle” between each shipment, the buyer’s inventory falls from x to 0. This
setting is described visually in Figure 1, where s = 1,2, ...q/z indexes the shipments
during each time interval At and ¢ = {1,2, ...} indexes time intervals.

The exogenous interest rate over time interval At is r, so that the discount rate
between orders is rz/q. Let h = r/q. With continuous discounting, the discount rate
between shipments is 6(z) = (e7"*). If w(z) denotes the cost of each shipment (i.c.,
each batch x), the present value of an order placed T' = ts + s shipments in the future
is 6(z)Tw(z) = (e_hx)Tw(x).

Let 6 € {0,0} index the low or high quality of the input produced by the seller.
The buyer requires high quality, e.g., an acceptably low defect rate among the units
shipped.® The seller’s problem is to determine whether to provide high- or low-quality
goods for each shipment sent to the buyer.

The buyer can inspect each shipment at cost m per shipment before accepting and
paying for it. Let a be the probability that such an inspection occurs. If the buyer
chooses to inspect and the quality is low, the relationship is terminated and the seller
receives no payment from the buyer. We assume that goods are specific to the buyer,
so that the seller cannot sell them to an alternative partner. Furthermore, if the seller
ships low-quality goods her reputation is harmed and she is excluded from the market
forever. If the buyer does not inspect, the order is accepted and the seller is paid. If
the order subsequently turns out to be of low quality, the relationship is terminated.
In that case, the buyer cannot recover payment from the seller but can substitute
contemporaneous and future orders from an alternate seller. Here, too, a seller found
shipping low quality is excluded from the market forever.5

TW do not consider inventory costs explicitly. Here, we assume that the instanta-
neous inventory cost increases with quality 6 and that it is proportional to the inventory

utilization rate,

5In an extension of their basic setup, TW consider the output market into which buyers sell and
have buyers choose the optimal level of §. They show that for A sufficiently small, the optimal level
of quality under both the Japanese and American systems is arbitrarily close to the first best optimal
level of quality.

6This assumption is a simplification. In practice, practitioners of Japanese procurement tend to
reduce orders to suppliers that ship sub-standard goods but do not eliminate them unless violations
are egregious or not corrected. See, for example, Liker and Choi (2004).
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where v is an exogenous constant and z € [0, z/q] denotes a time within an order cycle.

With this formulation, total inventory costs over an order cycle are

z/q _
/ vl (= g2) dz = v@x. (2)
0 T 2q

These costs increase with order size z because larger, less frequent orders increase
the amount of time inventories remain closer to capacity. Smaller, more frequent
shipments, by contrast, reduce inventory costs by increasing the speed of inventory
throughput relative to capacity. We assume inventory costs for a given order are paid
upon acceptance of an order, so the net present cost of storing an order purchased T’

shipments in the future is
rvlz

oz . 3
@5 @
As inventory costs over an order cycle are a function of the time between shipments
(x/q), changes in that interval are directly proportional to changes in inventory costs

if inventory holding costs and the cost of producing quality remain constant.

2.2 The Seller’s Problem

A seller produces batches of quantity x with variable cost € and fixed cost f per batch,
where f encompasses the fixed cost of both setting up and delivering a production
run.” The seller receives order value w; (x,0) per shipment, where 7 indicates whether
the payment is under an American or Japanese system. We assume the seller does not

have any bargaining power and fills an order only if she at least breaks even,

w;(z,0) > f+ 0x. (4)

We assume free trade between the buyer’s and seller’s countries, but that a trade
war is possible. In the event of a trade war, the import tariff on the input rises enough

to sever existing buyer-seller relationships between the affected countries.® The seller’s

"Thus, we ignore any transportation costs which depend on shipment size or value. We note that
uncertainty over these costs may also inhibit the formation of long-term relationships.

8We provide a micro-foundation for this belief in Section A of the online appendix. Recent research
(Ossa 2014) indicates that the optimal tariffs countries might set in the event of a trade war are



exogenous belief about the probability of continued peaceful trade, and therefore that
the relationship will continue, is 0 < pg < 1.7 The seller’s discount factor for an order
placed T time intervals in the future is dg(x)?, where the subscript indicates that this
is potentially specific to the seller. Given that the stationary environment described
above (and summarized in Figure 1) implies a continuous repetition of order cycles
over time, the net present value to the seller of supplying shipments of x to the buyer

as T — oo is

w;i(x,0) — f — 20
1 —ds(z)ps

As a result, the seller ships high quality (6 = ) if and only if expression 5 is at least

(5)

as great as the one-time profit from cheating by supplying low quality (0 = 0), i.e.,

wi(z,0) — f — 20
1 —ds(z)ps

As this expression makes clear, decreases in shipment size z, as well as increases in the

> (1—a)w(z, ) — f— 28, (6)

seller’s belief about continued trade peace, pg, raise the seller’s discount factor, ds(z)psg,

thereby strengthening the seller’s incentive to provide high-quality shipments.t®

2.3 The Buyer’s Problem

The buyer chooses to conduct procurement either under the American (A) or the
Japanese (J) system. Under the American system, buyers select the lowest cost supplier
and use inspections to deter cheating. To simplify the problem we assume buyers under
the American system always inspect while buyers in the Japanese system never inspect,
so that ay = 1 and a; = 0.} In that case, under the American system, the seller just

breaks even on each shipment,

wa(x,0) = f+ 0x. (7)

substantial, averaging 63 percent worldwide.

9The model considers trade in a single product. An alternate interpretation of pg that brings the
model closer to our data analysis below is that it reflects both the probability of a trade war (which
is the same for all products) and the subsequent rise in tariffs (which might vary across products) for
the particular good being traded. The probability of breakup is rising in the latter.

10 An alternative approach to incorporating trade policy uncertainty would be to include exogenous
parameter ks as part of the discount rate, e.g., §5(x) = e~ @ +ks,

1TW show that optimal inspection under the American system is a function of shipment size and
quality, o’y = @(z,0) > 0, while under the Japanese system inspections do not occur, oy = 0.



As there is no expectation of a long-term relationship under the American system, this

shipment value satisfies the seller’s incentive compatibility constraint (equation 6).
Under the Japanese system, buyers obtain seller honesty through repeat purchases

and by paying sellers a premium over their costs. The shipment value under the

Japanese system is

wy(z,0) = f+ 0z + (m—l) (0 — ). (8)

This equation holds with strict equality given the assumption that the buyer holds all
the bargaining power, but is still incentive compatible for the seller. The third term
on the right hand side reflects the premium over the shipment value paid under the
American system, wa(x), that a buyer under the Japanese system pays to incentivize
the seller to sustain high quality over a long-term relationship. Intuitively, this premium
rises as the buyer’s belief in trade peace, pg, falls.

The buyer discounts future payments with discount factor dp(x) and assigns a prob-
ability (potentially different from the seller), pp, to the continuation of the relationship.
To simplify the analysis, we set pgp = 1 under the assumption that the buyer is able
to replace a lost relationship with an approximately equal relationship by switching to
a different country. Alternatively, U.S. buyers may be more confident about avoiding
trade wars because they have more information about existing lobbying efforts and
policy practices compared to foreign partners.

Including inventory costs, the net present cost to the ¢ = A, J buyer of continual

ordering under the two systems is then

w;(w, 0) + a;m vhz
Ci = + ) 9
1—=9dp(x)pp 2q(1—dp(x)pB) 9

where m is the fixed cost of inspecting a shipment and «; is the probability of inspection.

The buyer under each procurement system chooses the optimal order size z] to

minimize equation (9),

w;(z,0) + aym vlz ) (10)

1—6p(x)pp  2q(1—0p(z)pp)

The tradeoff associated with choosing lower- versus higher-frequency procurement can

x .
ZT; = argmin (

be seen by setting the first order condition for this problem to zero, yielding
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wi(@,0) = ¢ _ _ - o (12)
bt (st 1) 0—) - 242 G-tz it

 Ss(@)?ps
The left hand side of equation (11) represents the discounted value of higher costs
associated with a small increase in order size (i.e., a small decrease in order frequency).
The right hand side measures the savings from an increased discount factor due to
spacing orders further apart in time. Note that fixed order costs, f — a parameter of
w;(x,0) — and m, appear only on the right hand side of the expression: the higher
these costs, the greater the benefit of raising order size (i.e., a small decrease in order

frequency).

2.4 Numerical Solutions

In this section we report numerical solutions of the model to provide intuition for its key
relationships and to motivate the empirical analysis in Section 4. We provide analytic
solutions for some of these relationships in the next section. Unless otherwise noted,
numerical solutions assume the baseline parameters listed in Table 1.

Figure 2 shows that the overall cost of the Japanese system falls with the seller’s
probability of trade peace (pg). The intuition for this relationship is straightforward:
as pg rises, Japanese sellers require less compensation to refrain from providing low
quality goods, driving overall costs lower. Two other features of Figure 2 are worth
noting. First, it shows that even if pg = 1 the cost of the Japanese system does not drop
to that of the first-best (FB) scenario, where neither inspection nor payment premia
are required to deter provision of low-quality goods.'? The reason for this outcome is
that even when trade peace is assured, the seller must be compensated for discounting
if, as is the case here, r > 0. Second, Figure 2 reveals that beyond some threshold level

for ps, which we denote p3v" (arbitrarily equal to 0.91 in the figure), the cost of the

12Qptimal order size is independent of k under both the American system and the first-best scenario.
We solve for the 25 as 2% conditional on the fixed inspection cost (m) being zero.
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Japanese system drops below that of the American system. At that point, buyer and
seller switch from the American to the Japanese system.

The left and right panels of Figure 3 demonstrate that the optimal shipment size
under the Japanese system rises with the seller’s probability of trade peace (pg), while
the optimal shipment price, w,(x,#)/x%, falls. The decline in order price as pg rises
reflects the just-noted drop in the seller’s rent. Given that decline, the buyer shifts
towards larger and less frequent shipments to reduce payment of fixed costs.

The key relationships for our empirical analysis, however, come from joint consid-
eration of Figures 2 and 3. Together, they reveal that if an increase in the probability
of trade peace causes pg to jump from below p2%" to above this level, observed order
size falls and observed order price rises as buyer and seller switch from the American
to the Japanese system, i.e., from the solid black lines in the figure to the dashed blue
lines. This implication of the model allows us to distinguish empirically between a
change within a given procurement system and a switch of systems. The empirical
results reported in Section 4 are consistent with PNTR leading to a switch to the
Japanese system in U.S.-China procurement.

Figure 4 reveals that the optimal order size under both systems increases with the
seller’s fixed cost f, while the optimal order size in the American system increases
with per-shipment inspection cost m. In both cases, buyers seek to minimize incurring
larger fixed costs by reducing shipments, thereby increasing order size.

Finally, Figure 5 shows that optimal order size under both the American and
Japanese systems declines with the marginal costs of high quality (#) and inventory (v).
As the cost to produce high quality rises, buyers have an incentive to push purchases
further into the future via more frequent, smaller orders. When inventory costs are

high, buyers economize on inventory costs by ordering more frequently.

2.5 Analytic Solutions

This section makes use of additional simplifying assumptions to derive a series of ana-
lytical implications from the model. In particular, we seek to relate reductions in the
probability of a trade war — i.e., U.S. conferral of PNTR on China — to a switch from
American- to Japanese-style procurement.

We shut down the channel by which changes in shipment size (and therefore fre-

quency) affect sellers’ incentives to cheat by assuming for the seller that hx — 0, so
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that dg(x) = e ™ — 1.3 Our interpretation of this assumption is that sellers care
more about the likelihood that their relationship with the buyer might be broken by
trade policy than they do about the interest rate.'* As in our numerical solutions, we
set 8 = 0.

With these assumptions, we solve for z} using the same Padé approximation of
6p(z) employed by TW, i.e., dp(z) = 3£ Substituting equations (7) and (8) into
equation (11), we find optimal order sizes

2Um) - if = A

=V (13
q L
0 IfZ—J

Where'yEl—|—2—Z<piS+2in)\.
This result yields two propositions which highlight the key differences between the

two systems.

Proposition 1. In the Japanese system order sizes are smaller (and therefore more

frequent) than in the American system.

Proof. This result follows directly from equation (13). O

With the optimal order sizes in hand, it is easy to order compare shipment unit

values, w;(x)/z, under the two systems.

Proposition 2. All else equal, shipment unit values are greater under the Japanese
system than under the American system, w*(z,0)/z% > w’(z,0) /7.

Proof. From Proposition 1 we have 2% < z%. Therefore, because 0 < p < 1, w*(x, ) /2%

%§+%>§—I— L — w(z,0)/%. O

=
Ta

Buyers under the Japanese system pay a premium for smaller, more frequent orders
compared to the American system in order to incentivize the provision of high quality
inputs.

In our empirical analysis, we are able to compare the procurement patterns of buyers

and sellers trading at arm’s length versus those of related parties.'® We conjecture that

I3TW assume §(x) — 1 for both buyer and seller for much of their analysis.

14The interest rate becomes more important as ks — 1, i.e., as our model converges to that of TW.

15As noted in TW footnote 17 (and Judd 1997), the Padé expansion is more convenient and often
more accurate for obtaining closed-form solutions than a Taylor-series expansion.

6By law, U.S. import transactions are defined to be between related parties if either party owns,
controls or holds voting power equivalent to 6 percent of the outstanding voting stock or shares of the
other organization (see Section 402(e) of the Tariff Act of 1930).
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the latter require neither inspections nor order value premia to solve the quality-control
problem. As a result, related parties’ procurement patterns may correspond to those
of the first-best.

Proposition 3. The first-best order size is v¥'8 = ﬂg.
&

Proof. Intuitively, as is evident from examination of equation (13), this is tantamount
to ps — 1 under the Japanese system and m = 0 under the American system.!” For
ps < 1, 2% < 2B because smaller orders reduce the gain to the seller from cheating on

a particular order.’® . Here, as in TW, 2% > 2P > 2% if p, < 1. 0O

We now turn to a key result of the model, the extent to which the probability of
trade peace influences adoption of the American versus Japanese systems. The buyer
adopts the system that minimizes the costs of procurement. For the Japanese system,
we substitute the optimal order size x% into the cost function from equation (9) to

obtain the net present value, C';,

o <\/2r)\9_f/q + rf/q) (\/2r)\9_f/q + 2>\§> V2
T 4(r/a)\/rA0T [ |

Lemma 1. The cost of the Japanese system strictly decreases as ps rises and ap-

(14)

proaches infinity as ps — 0 .

Proof. Substitute A = — + %g and take the derivative with respect to ps to obtain

1
pPs

ac, <fh/?sq + Vpsv + 2qv/ éfpsqh> Vo

S =- — N <0 (15)
Ps h32/psv + 2V fpd “\/a
limit Costs Japanese System = oo (16)
ps—0
]

For the American system, substitute the optimal order size % into the cost function

to obtain the long run expected costs

17As kg — 1, the discount rate becomes more important than the probability of trade peace, which
is more consistent with the closed-economy version of the model developed by TW. In our setup, it is
plausible to think that ks can never actually equal 1, i.e., there is always some possibility of a trade
war occurring, however small it is.

18To the extent the seller cares about discounting, =% also is below x¥"Z because smaller orders raise
the net present value of future orders via the discount rate.
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AT 4hr/~yhO (f +m) '

Lemma 2. The cost of the American system increases in the fived inspection cost m.

Proof. Take the derivative of the cost with respect to m to obtain

0Cx _ 1 [yV20+ b0 (F+m)) _ (18)
om 2 hoy (f +m) ’
0

Proposition 4. For a finite m>0, there exists a unique p3“*" such that if ps <
pevihthe buyer adopts the American system and if ps > p™h the buyer adopts the
Japanese system. Furthermore, as suggested by Proposition 3, if ps — 1 and m = 0,

then the firm is indifferent between the two systems.

Proof. Let AC(ks,m) = Cy4 — C;. Substitute m = 0 and ps = 1 to show that
AC(1,0) = 0. Given Lemma 2 this means that AC(1,m > 0) > 0. By Lemma

1 we have that W < 0 and lz"ngAC(l,m > 0) = —oo. Therefore, for any
p—

finite m > 0, there must be a unique pg“#" such that AC(ps < pg®" m) < 0 and
NC(ps > pvitch m) > 0. O

With an increase in pg, the seller is more confident about the relationship continu-
ing, so adoption of the Japanese system becomes more likely. In the extreme, if pg =1
and m > 0, all firms adopt the Japanese system. This result mirrors the numerical
solution displayed in Figure 3.

As noted in the previous section, we use this implication of the model to motivate
an empirical analysis of whether a substantial, exogenous shock to the continuation
probability pg (i.e., PNTR) can cause a shift to Japanese procurement (i.e., increased
order frequency and price, smaller order size). We expect these changes to be larger
for relationships encompassing goods where the change in the continuation probability

is the most pronounced.
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3 Transaction-Level U.S. Import Data

3.1 Description

We use transaction-level U.S. import data from the U.S. Census Bureau to identify
the international procurement patterns of U.S.-based importing firms. The Bureau’s
Longitudinal Foreign Trade Transaction Database (LFTTD) tracks every U.S. import
transaction from 1992 to 2011. Data available include the dates the shipment left
the exporting country and arrived in the United States, identifiers for the U.S. and
foreign firm conducting the trade and whether they are related or at arm’s length, the
transaction value and quantity, a ten-digit Harmonized System (HS) code classifying
the product traded, and the country of origin of the exporter.!®

We refine the data as follows. First, we drop all transactions that are warehouse
entries, so that our dataset represents all imports used for consumption. Second, we
remove all transactions that do not include an importer identifier, an exporter identifier,
an HS code, a value, a quantity or a valid transaction date. Third, we use the procedure
suggested by Pierce and Schott (2012) to create time-consistent HS codes, and correct
an inconsistency in U.S. importing firms’ identification codes over time by mapping
firms in the LFTTD into the Longitudinal Business Database (LBD) and using the
identifiers in the latter.?? Fourth, we deflate transaction values using the quarterly
GDP deflator from the FRED database maintained by the Federal Reserve Bank of
Saint Louis. Finally, we collapse the refined version of the data by U.S. importer (m),
foreign exporter (z), origin country (c), week the export left the foreign country (w)

and ten-digit Harmonized System product category.

3.2 Arm’s-Length versus Related-Party Shipments

We summarize the importer-exporter-product relationships observed in the data along
several dimensions relevant to the model presented in the previous section. After

excluding triplets with just a single shipment, we compute the total shipment value

19 As noted above, import transactions are defined to be between related parties if either party owns,
controls or holds voting power equivalent to 6 percent of the outstanding voting stock or shares of the
other organization. We classify observations with a missing related party identifier as related. For
further information on the LETTD, see Bernard, Jensen and Schott (2009) and Kamal, Krizan and
Monarch (2015).

20The inconsistency arises due to a change in single-unit firms’ identification codes in 2002. We
drop observations for invalid exporter identifiers, e.g., those that do not begin with a letter (it should
start with the country name) or that have fewer than the requisite number of characters.
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across the relationship (Valuep,,), the total length of the relationship in terms of the
number of weeks between the first and last observed shipment (Length,,,,) and the
total number of weeks in which a shipment occurs (Shipments,,,;,) during the length
of the relationship. We note that length,,,; is potentially subject to both left and right
censoring.

The averages and standard deviations of these attributes are reported in Table
2, where the left panel contains results for arm’s-length (AL) relationships and the
right panel shows results for related-party (RP) relationships.?! These unconditional
comparisons reveal three trends. First, AL relationships are smaller in terms of overall
value traded and number of shipments received, and more short-lived in terms of their
overall length compared to related-party relationships. Second, individual shipments
within AL relationships also appear smaller and more frequent than RP shipments
in terms of average value per shipment and length per shipment. Finally, the large
standard deviations reported in the table indicate that attributes of both arm’s-length
and related-party relationships exhibit substantial variation across all dimensions of
activity.

A more formal comparison of AL and RP that controls for variation in the variation
in the types of products and relationships they encompass is achieved via the following

OLS specification,

IN(Y mahep) =Bo + B11{ RPpane = 1} + Boln(Total V alue,zent) (19)
+ 6mch + 5t + 6[ + Emzhet

where m, x, ¢, h and t index U.S. importers, foreign exporters, origin country, ten-
digit HS products and years. The regression sample is restricted to importer-exporter-
product triplets that have at least two transactions in each mxhct bin and that engage
solely in arm’s length or solely in related-party (RP) transactions over the full 1992 to
2011 sample period. Y .. represents one of three attributes: VPS,,zcns, the average
value per shipment in the bin; QPS,,.cn:, the average quantity per shipment in the bin;
and W BS,,.cnt, the average weeks between shipments in the bin. The indicator variable

{RPzne = 1} distinguishes arm’s-length from related parties, and TotalV alue, cnt

21Results for AL relationships are restricted to relationships that never report an RP shipment.
Results for RP relationships encompass all other relationships. We do not summarize the prices of
AL vs RP relationships due to the potential influence of transfer pricing (see Bernard et al. 2006).
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accounts for the total value of shipments in the bin. By including this variable we
compare AL relationships with RP relationships importing the same total value in the
same year. Importer-product-country, year and relationship-length fixed effects are
represented by d,,nc, 0; and d;, where §; categorizes relationships with lengths from 1 to
6 years plus a final category of 7-or-more years. The coefficient of interest is /3y, which
estimates the relative difference between related and arm’s-length procurement in log
points.

Results for 8; and [, are reported in Table 3, where each column contains the
regression for a different relationship attribute. As indicated by the negative and
statistically significant point estimates in the first two columns of the table, conditional
on procuring the same total value, related parties use smaller shipments and order more
frequently than arm’s-length parties within the noted fixed-effect dimensions. The -
0.04 and -0.18 point estimates for [ reported in the first two columns of the table
indicate that average shipment size in terms of value and quantity for related parties
are approximately 4 and 18 percent lower compared to an arm’s-length relationship
of the same size. Results in the final column of the table indicate that related-party
shipments arrive approximately 4 percent more frequently than arm’s length shipments.

One explanation for the more just-in-time nature of RP transactions is that RP
relationships approximate the first best scenario discussed in Section 2, i.e., that they
reflect the fact that AL relationships are predominantly American. This explanation
is consistent with the fact that AL relationships tend to be short-lived vis a vis RP

relationships.

4 Procurement and PNTR

The numerical and analytic results in Section 2 indicate that an increase in the seller’s
belief in peaceful trade can induce buyer and seller to switch from the American to the
Japanese system. In this section, we examine the relationship between the U.S. grant-
ing of PNTR to China in October 2000 — which substantially reduced the possibility
of a trade-war-like hike in U.S. import tariffs on Chinese goods — and several out-
come variables that capture procurement differences between American and Japanese

procurement. We first explain our identification strategy and then present the results.
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4.1 Empirical Strategy

U.S. imports from non-market economies such as China are subject to non-NTR tariff
rates originally set under the Smoot-Hawley Tariff Act of 1930. These rates are often
substantially larger than the NTR rates the U.S. offers fellow members of the World
Trade Organization (WTO). The U.S. Trade Act of 1974 allows the President to grant
NTR tariff rates to non-market economies on an annually renewable basis subject to
Congressional approval, and U.S. Presidents began granting such a waiver to China in
1980. While these waivers kept the actual tariff rates applied to Chinese goods low,
the need for annual approval by Congress created uncertainty about whether the low
tariffs would continue, particularly during the 1990s.

The U.S. Congress passed a bill granting China permanent NTR (PNTR) status in
October 2000, which was implemented on January 1, 2002 as part of China’s entry into
the WTO in December 2001. By eliminating the threat of sudden spikes in U.S. import
tariffs on Chinese goods, this change in U.S. policy likely encouraged greater adoption
of Japanese-style procurement between U.S. importers and Chinese exporters. Via the
lens of the model developed in Section 2, this encouragement was stronger for firms
trading products with relatively large NTR, gaps, as the probability that a U.S. buyer
would abandon a Chinese seller in the event of a failed annual renewal would be higher
in these products.

We define the NTR gap for eight-digit HS import product h as the difference be-
tween non-NTR and NTR rates,

NTR Gapy, = Non NTR Rate, — NTR Ratey, (20)

using ad valorem tariff rates provided by Feenstra, Romalis and Schott (2002) for
1999, the year before passage of PNTR in the United States.?? As indicated in Figure
6, these gaps vary widely across products, and have a mean and standard deviation of
0.32 and 0.23. Our identification strategy exploits this variation in the NTR gap to
determine whether U.S.-China procurement patterns change relative to procurement
patterns with exporters from other source countries (first difference) after the change
in U.S. policy is implemented (second difference) in industries with higher NTR gaps
(third difference). The last difference captures the fact that industries with larger

22While U.S. tariffs are set at the level of eight-digit HS products, we observe trade at the ten-
digit HS level. In our empirical work, we therefore match each ten-digit HS product with the tariff
associated with its first eight digits.
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NTR gaps experience a larger increase in the relationship continuation probability
than industries with smaller gaps. We expect the largest shifts toward Japanese-style

procurement after PNTR to occur in U.S. imports of high-gap products from China.

4.2 Estimation Results

We analyze the relationship between PNTR and procurement patterns within increas-
ingly broad bins across three specifications.

Our first, preferred specification compares shipments within importer-exporter-
product triplets across two symmetric time intervals around the change in U.S. trade

policy, p € {Pre, Post},

IN(Y yahep) =Bo + B11{p = Post} * 1{c = China} * NTRGap, + YXmachp (21)
+ Baln(Total Valuempnep) + Amah + Ae + Ap + €Emanep

where subscripts m, x, h and p index U.S. importers, exporters from country ¢, ten-
digit HS products and time period. The regression sample consists of all shipments
by “always-arm’s-length” parties, i.e., parties that engage solely in arm’s length trans-
actions over the entire 1992 to 2011 sample period, so long as there is at least one
shipment in each period. Periods are one of two distinct five-year windows around
2001, either 1995 to 2000 (pre period) or 2002 to 2007 (post period).

Y manep Tepresents one of several attributes of shipment patterns within an mazhep
bin deemed relevant by the model developed in Section 2: W BS,,;¢p is the average
number of weeks between shipments, V PS,,ne, is the average value per shipment,
QP Sahep 1s the average quantity per shipment, Price, nep is the average unit value
per shipment, and Length,znep is the average length in weeks of the importer-exporter-
product relationships appearing within the mahep bin.*® The matrix Xuhep represents
the full set of interactions of the NTR gap, the post dummy variable (1{p = Post}) and
the China dummy variable (1{c = China}) required to identify 8;. Total V alueznep is
the total value of all shipments occurring within the maxhcp bin; its inclusion accounts
for the varying scale of imports across bins. Relationship (mzh), country and period

fixed effects are represented by 0y, d. and J,. The difference-in-differences coefficient

23The length of each relationship is defined as the number of weeks between the first observed
transaction during the period and the last observed transaction during the period.
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of interest, 81, measures the log difference in activity for shipments from China versus
other countries after the change in U.S. policy versus before for products with higher
versus lower NTR gaps. From the model presented in Section 2, we expect [5; < 0 for
V PSmahepy QP Smahep and W BS,znep, and 81 > 0 for Price,zney and Lengthpghe, if
PNTR induced a switch from the American to the Japanese system.

The second specification ignores exporter identity and analyzes shipments within

importer-products across periods,

In(Y mhep) =Po + B11{p = Post} x 1{c = China} x NTR Gap, + ¥ Xmhep (22)
+ Baln(Total Valuempep) + Omn + 0c + 0p + Emnep

Here, too, the regression sample includes all shipments by “always-arm’s-length” parties
so long as there is at least one shipment for each mhcp bin. After the procurement
attributes are computed, the maxhcp data are collapsed to the mhcp level so that there
is one observation — the average — in the regression for each mhcp bin.

Our final specification ignores both importer and exporter identity and analyzes

shipments within products across periods,

In(Y hep) =Bo + Bi11{p = Post} * 1{c = China} * NTRGapy + ¥Xnep (23)
+ Baln(Total Valuepey) + Op + 6c + 0p + €nep

As above, we require at least one shipment within each hcp bin, and the data are
collapsed to the hep level after the procurement attributes are computed.

Results for the first, second and third specifications are reported in the correspond-
ing three columns of Table 4, where each row reports the estimated DID term coefficient
and standard error for a different relationship attribute. Starting with the preferred,
within-maxh results reported in column 1, we find that all estimates of 3; are consistent
with a switch towards Japanese procurement: point estimates for value per shipment,
quantity per shipment and weeks between shipments are all negative, though statisti-
cally significant only for the first two, while they are positive and statistically significant
for shipment price and overall length. In terms of economic significance, these results
imply that a one standard deviation increase in the NTR gap (0.23) is associated with

relative declines in shipment value and shipment quantity of 1.6 and 3.0 percent after
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the change in U.S. policy. Shipment price and relationship length, by contrast, rise
by 0.9 and 2.3 percent, respectively. Through the lens of our model, the decline in
shipment quantity implies a commensurate drop in inventory costs.

Comparison of the within-relationship results in column 1 with the within-product
results in column 3 provides further intuition for our theoretical framework. For exam-
ple, the relatively large (in absolute terms) DID point estimates for V PS,.,, W BS,
and Lengthy., reflects the fact that the change in U.S. policy gave rise to many new
relationships. Since many of these relationships involved firms that had not imported
from China before (see Pierce and Schott 2015), it is unsurprising that they were

short-lived and perhaps encompass smaller, trial-size shipments.

5 Conclusion

This paper analyzes the impact of trade policy on firms’ procurement patterns. We
develop a theoretical model in which firms’ choice of how to structure shipments along
a supply chain responds to their beliefs regarding the probability of continued peaceful
trade. This model reveals that reductions in the likelihood of a trade war can allow do-
mestic buyers to reduce inventory costs by forming long-term, just-in-time relationships
with foreign sellers.

We examine the model’s implications empirically by estimating the effect of the
U.S. granting of Permanent Normal Trade Relations — which substantially reduced the
possibility of a U.S.-China trade war — on the procurement patterns of U.S.-based firms.
Using transaction-level U.S. import data and a triple difference-in-differences specifica-
tion, we show that PN'TR is associated with a movement toward more Japanese-style
procurement along the lines suggested by the model.

The results suggest that an important but under-examined aspect of trade agree-
ments in a world with already low tariffs may be their affect on relationship formation.
That is, trade agreements promoting institutions which allow firms to develop more
stable relationships may give rise to an additional source of welfare gains from trade
associated with reducing inventory and monitoring costs.?* The extent to which such
gains are smaller or larger than those that allow firms better access to contract en-

forcement or dispute resolution is an interesting area for further research.

?4Indeed, improving the efficiency of trade relationships is a goal of the recent WTO agreement on
trade facilitation. See https://www.wto.org/english /thewto e/minist e/mc9_e/desci36_e.htm.
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Table 1: Default Parameters for Numerical Solutions

‘ Baseline ‘
Buyer, Seller Continuation Probability (kg,ks) (1,0.99)
Inventory Cost (v) 0.02
Order Quantity (q) 0.02
Interest Rate (r) 0.02
Low, High Quality (8, 6) (0, 0.02)
Seller Fixed Cost (f) 0.01
Buyer Inspection Cost (m) 0.02
Relationship Type
Arm's-Length Related-Party
Total Value Traded 228,874 1,757,764
11,720,829 79,918,870
Overall Length (Months) 32 66
77 130
Total Number of Shipments 4 10
11 34
Value/Shipment (VPS) 43,257 65,379
601,379 1,091,935
Length/Shipment (LPS) 6 10
15 22
Number of Relationships 24,138,500 7,523,500

Notes: Table reports the mean and standard deviation of each
attribute across relationships, which are defined as importer by
exporter by ten-digit Harmonized System category triplets observed
across the 1992 to 2011 sample period. First column summarzies arm's-
length relationships and second column summarizes related-party
relationships (see text). Observations are restricted to relationships
with more than one transaction. Value, Length and Shipments refer to
the total real value of imports observed over the relationship, the
duration of the relationship in weeks, and the the total number of
shipments observed during the relationship. Number of observations
has been rounded to the nearest 100 as per U.S. Census Bureau
Disclosure Guidelines.

Table 2: Relationship Summary Statistics
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In(VPSmxhct) |n(QPSmxhct) |n(WBSmxcht)

YRPmxhe=1} -0.04 *** -0.18 *** -0.04 ***
0.001 0.002 0.001

In(Total Value ) 0.580 *** 0.550 *** -0.2 ¥**
0.0001 0.0002 0.0001

Observations 16,491,300 16,491,300 16,491,300

R-Squared 0.93 0.93 0.50

Fixed Effects mh,c,t,| mh,c,t,| mh,c,t,l

Notes: Table presents results of importer-exporter-product-country-year (mxhct)
level OLS regressions of relationship attributes on a dummy variable indicating
related-party status (RP) and a covariate (Total Value) indicating the size of the
relationship in terms of value shipped. Regression sample restricted to
relationships with at least two observations per mxcht bin that engage solely in
arm's length or solely in related-party (RP) transactions over the sample period.
WBS is the average number of weeks between shipments. VPS and QPS are the
average value and quantity per shipment. Results for fixed effects are
suppressed. Superscripts *, ** and *** indicate statistical significance at the 10, 5
and 1 percent levels, respectively. Number of observations has been rounded to
the nearest 100 as per U.S. Census Bureau Disclosure Guidelines.

Table 3: Related-Party versus Arm’s Length Transactions
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Within

Importer- Within
Exporter- Importer- Within
Dependent Variable Product Product Product
In(Value per Shipment) -0.07 *** -0.05 *** -0.18 ***
0.01 0.01 0.05
In(Quantity per Shipment) -0.13 *** -0.04 ** -0.04
0.02 0.02 0.10
In(Price per Shipment) 0.04 ** -0.04 ** -0.11
0.02 0.02 0.09
In(Weeks Between Shipments) -0.04 -0.06 *** -0.36 ***
0.03 0.02 0.07
In(Overall Relationship Length) 0.10 *** 0.00 -0.34 ***
0.04 0.03 0.08
Observations 752,600 1,011,700 324,300
Sample mxhcp mhcp hcp
Fixed Effects mxh,c,p mh,c,p h,c,p

Notes: Table summarizes the results of generalized difference-in-diffrences
regressions of relationship attributes on a DID coefficient representing the
interaction of the NTR gap and dummy variables representing the post-PNTR
period and trade with China (see text). Each cell in the table represents the
result of a different regression. Data are collapsed to the importer-exporter-
product-country-period (mxhcp) level in column 1, the importer-product-
country-period (mhcp) in column 2, and the product-country-period (hcp)
level in column 3. Sample is restricted to bins with at least two observations
for the pre- and post period. Dependent variables are computed with respect
to noted sample bins. Results for fixed effects and other covariates needed
to identify the DID coefficient of interest are suppressed. Superscripts *, **
and ***indicate statistical significance at the 10, 5and 1 percent levels,
respectively. Number of observations has been rounded to the nearest 100 as
per U.S. Census Bureau Disclosure Guidelines.

Table 4: PNTR and Procurement
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Appendix

A Micro-foundation for pg

In Section 2.2 of the main text, we assume that in the event of a trade war, the
import tariff on the product the buyer imports from the seller rises to a prohibitive
level, with the result that the buyer-seller relationship is severed. In this section, to
provide a closer link between the model and our empirical analysis, we offer a short
micro-foundation for the seller’s belief kg about the probability that the relationship
will continue that is a function of the change in tariffs and therefore product-specific.

Assume that the initial ad valorem import tariff on the traded input, 79, is equal to
zero, but rises to 77y > 0 in the event of a trade war. In that case, the buyer may seek
an alternate seller from another country. Let the difference in the net present value for

the buyer thereafter sourcing ¢ from this alternate seller be
NPv(q>SelleT - NPV(Q)Alternative- (A].)

We assume the seller does not know the value of the second term and therefore treats
it as a random variable €, where € is independent of the true probability of a trade war,
(1-m). The seller’s probability that the relationship with the buyer continues in any

period, pg, is then
ps = (1 - W)P(E > (]- + TTW)NPV(Q)Alternate) + 71-P(E > NPV(q)Alternate)- (A2)

Given that P(e > (1 + 77w ) NPV (q) atternate) < P(€ > NPV (q) atternate), ps decreases
with the true probability of a trade war, 1 — 7, as well as the trade-war tariff, 7pp. In
our empirical analysis, we interpret 7y as the NTR gap. In that case, in the event
of a trade war, buyer-seller relationships oriented around a particular product are less
likely to survive the higher that product’s spike in tariffs . We note that in this setup,
the the continuation probability, pg, is independent of the buyer’s choice of optimal

order size, consistent with the idea that the buyer is true to his commitment.
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B Additional Analytic Propositions

This section highlights additional implications of the simplified model discussed in
Section 2.5.

Proposition 5. Under both the American and Japanese procurement systems, optimal
order size rises (optimal frequency falls) with an increase in fized production cost f and
decreases in variable cost O or inventory cost v. Under the Japanese sytem, optimal
order size rises (optimal frequency falls) with an increase in the continuation probability
ks. Under the American sytem, optimal order size rises (optimal frequency falls) with

an increase tn order inspection costs m.

Proof. 1t is straightforward to show that % <0, g—z < 0 and ;c—i = 1/>\(]77Im) <1 0O

In order to see the intuition behind this, hold the discount rate fixed, and assume
that the variable cost to produce high quality § or inventory variable cost v falls. This
lowers the present value of variable order costs relative to fixed order costs. In that
case, buyers reduce order frequency to raise variable order costs at the expense of
costs of lower discounted future order costs. Likewise, holding the discount rate fixed,
an increase in the fixed order cost f raises discounted future fixed order costs. The
buyer therefore balances the increase in fixed order costs by increasing lowering order
frequency. The continuation probability kg affects order size only under the Japanese
system. An increase in kg lowers the incentive premium the buyer pays the seller in
each order cycle. At a given discount rate, this reduces the variable discounted order
costs and buyers increase shipment sizes and reduce order frequencies to re-optimize

on order costs.

Proposition 6. (i) An increase in the probability of peaceful trade ps raises order size
(lowers order frequency) in the Japanese system relative to the American System; (ii)
the greater the inventory cost v the less elastic are relative order size (and relative order
frequency) with respect to a change in pg; and (iii) variable and fixed production and
delivery costs do not affect the elasticity of relative order size (or shipping frequency)

with respect to pg.

. . . . . d(z% /x% .
Proof. The elasticity of relative order size with respect to kg, % is € =
SI\T /A

q
(psv+2q)ps =>0. U
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This proposition summarizes the impact of a switch from the American to the
Japanese system due to an exogenous decline in the seller’s perceived probability of
a trade war . As a result of such a switch, order size falls and shipping frequency
rises, with the magnitude of these changes falling in the inventory cost v. Combined
with proposition 1 this implies that those firms that had the lowest order frequencies
before the increase in the continuation will switch to the Japanese system and see an
increase in order frequencies, while those firms with the highest order frequencies and

are already in a Japanese style contract will see a decrease in the order frequency.

Proposition 7. Under both the American system and the Japanese system, order unit
values increase in fived cost f, variable production cost 6, and variable inventory cost
v. Under the American system, they also increase in the fized inspection cost m. In

the Japanese system, they decrease as the probability of trade peace ps increases.

Proof. Substitute the optimal shipping quantities z%and z%into the order unit values

and take the derivatives with respect to the appropriate parameters. O

Within relationships already organized according to the Japanese system, a rise
in the probability of peaceful trade induces a decline in order unit value. Within
relationships previously organized according to the American system, however, a rise in
the probability of peaceful trade induces a rise in the order unit value if the relationship
switches to the Japanese system. Again, this is similar as above. It suggests a non-
linearity in the dependent variable. The higher order values see a decrease (those are
Japanese before the liberalization) and the lowest unit values see an increase (those

are american but may switch to Japanese.)

Proposition 8. An increase in the inspection cost m will lower the cutoff p§ at which

point the buyer switches from the American to the Japanese system.

Proof. For any given value of m, p¥ is the cutoff such that AC(p§, m) = 0, where the
buyer is just indifferent between the two systems. Apply the implicit function theorem

to consider only arm’s length transactions. show that

dp(m)s  2Bsml (\/ (2q +v) (f +m)rb + 290 + év) rpd v/ (psv + 2q) f

_ om - _
om i 2\ /T m) Qe o) (fros + V/(psv +20) Tpst0)
(A.3)
U
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For a given increase in the probability of trade peace pg, a buyer under the American

procurement system with a high m is more likely to switch to the Japanese system.
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