Competition or Compensation: Supplier Incentives Under the
American and Japanese Subcontracting Systems

By CurTis R. TAYLOR AND STEVEN N. WIGGINS *

Two fundamentally different subcontracting systems arise as distinct solutions to
the quality control problem facing an input buyer. The ‘‘American’’ system in-
volves competitive bidding on each contract, large orders, and inspections. The
““Japanese’’ system involves repeat purchases from a supplier who earns a pre-
mium, small orders, and no inspections. Both systems may coexist as local so-
lutions, but the global optimum is determined by the ratio of set-up to inspection
costs. This suggests that the adoption of flexible manufacturing equipment and
rising product complexity may be responsible for the shift from the American to
the Japanese system observed in many industries. (JEL L14, 15, and L22)

This paper investigates two procurement
systems, the competitive-bidding system tra-
ditionally practiced by firms in the United
States and other Western countries and the
Just-In-Time (JIT) purchasing system that
originated in Japan. We call these two forms
of procurement ‘‘systems’’ because they are
associated with sharply different sets of be-
havior for buyers and suppliers and, therefore,
lead to different procurement outcomes. For
ease of reference, we identify the competitive-
bidding system below with ‘‘ American-style’’
procurement and the JIT purchasing system
with ‘‘Japanese-style’’ procurement, bearing
in mind that these labels reflect only historical
practice and that there is nothing inherently
‘‘American’’ or ‘‘Japanese’’ about either
mode of purchasing.

American-style procurement typically ex-
hibits the following features. A large lot is or-
dered from the supplier making the lowest bid
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with little regard to past or future purchases.
The buyer often exercises its right to inspect a
shipment and may decide to reject delivery
and withhold payment if unsatisfied with lot
quality. (These rights are formalized in the
Uniform Commercial Code Sections 2-513
and 2-601.) If a shipment is accepted and qual-
ity subsequently turns out to be poor, the buyer
often has little legal recourse. Japanese-style
procurement features almost the reverse set of
characteristics. Under JIT purchasing, small
lots are ordered repeatedly from the same sup-
plier over long periods. Competitive bidding
is not used for individual lots, and the incum-
bent supplier may not even be the least cost
source. Deliveries are rarely inspected by the
buyer, but firms that supply low quality are
ultimately cut off.' Our emphasis on the dif-
ferences between competitive bidding and JIT
procurement is in the spirit of Paul Milgrom
and John Roberts (1990, 1995) and Bengt
Holmstrom and Milgrom (1994). These au-
thors argue that it is important to focus on an
entire set of characteristics in analyzing insti-
tutional alternatives. Holmstrom and Milgrom
(1994 p. 972), for example, ask: ‘“Why does

! The absence of incoming inspections throughout Jap-
anese industry is widely documented. For example, see
John McMillan (1994 p. 216), who portrays Japanese
subcontracting much as it is modeled here. For a general
discussion of the theory of the Japanese firm, see the sur-
vey by Masahiko Aoki (1990) and the works cited there.



VOL. 87 NO. 4

outside procurement tend to involve purchases
from a worker who chooses his or her own
methods and hours and owns the tools used
and is paid only for quantities supplied?’’
They answer this question by identifying the
‘‘complementarities’” among these traits. In
a similar vein, we show that competitive bid-
ding among numerous suppliers, large orders,
and inspections constitute one set of comple-
mentary characteristics, while long-term
business relationships with limited suppliers,
small orders, and a lack of inspections form
another.

Our analysis hinges on a basic contrac-
tual difference between the competitive bid-
ding and JIT systems, namely, the means for
inducing contractual performance. Specifi-
cally, under the American system, incen-
tives to supply high quality are supported by
an up-front inspection and an associated
threat to reject delivery. Under the Japanese
system, however, the incentive to furnish
high quality is governed by an implicit
promise of contract renewals. This key con-
tractual difference is firmly grounded in the
literature.

American firms tend to deal with faulty
supplies on a lot-by-lot basis (Richard
Schonberger, 1982 Ch. 7). Deliveries are typ-
ically inspected and returned to the supplier
without payment if they are found unsatisfac-
tory. The Japanese, in contrast, back their
long-run view of a supply partnership with a
long-run threat to permanently ‘‘break off*” a
supplier who performs unsatisfactorily. (See
Seiichi Kawasaki and McMillan, 1987 p. 337;
Russel Johnston and Paul R. Lawrence, 1988
p. 101; Mari Sako, 1992 p. 159.) Of course,
this threat carries weight only if it is both cred-
ible and would harm the supplier. Credibility
stems in part from the fact that Japanese man-
ufacturers tend to be much larger than their
suppliers, and often have more-or-less costless
access to several qualified replacement firms
(Banri Asanuma, 1992). A cutoff hurts the
supplier in several ways. One source of harm
is that average risk adjusted profits to Japanese
subcontractors are positive so that severance
jeopardizes these returns (Kawasaki and
McMillan, p. 339). Perhaps more important,
the loss of a contract harms the reputation of
the supplier in the community so that ‘‘a firm
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which gets ‘broken off ’ earns a bad reputation
and would have difficulty finding other part-
ners’’ (Sako, p. 159).2

The American and Japanese automobile in-
dustries provide an excellent illustration of the
two systems of managing suppliers. In the
American automobile industry it was custom-
ary until recently to award supply contracts to
the lowest bidder on an annual basis. The Jap-
anese, in contrast, award a contract for the
model life of the car (usually four years), and
give an incumbent supplier who performs well
preferential treatment at renewal. Not surpris-
ingly, in 1986 General Motors (GM) dealt
with more than 5,000 potential parts and com-
ponent suppliers for its North American pro-
duction, while Toyota dealt with fewer than
250 suppliers for production in Japan. A typ-
ical GM assembly plant deals with approxi-
mately 800 potential suppliers, while a typical
Toyota plant (which has twice the capacity of
its GM counterpart) deals with only 125 sup-
pliers (Asanuma, 1988 pp. 5—-6). These large
differences are explained in part by the fact
that American auto producers are more verti-
cally integrated and, hence, purchase more raw
materials and basic parts. (In 1993 GM pro-
duced more than 65 percent of the parts used
in its cars, while Toyota produced less than 30
percent [McMillan, 1994 p. 204].) Another
important reason, however, is that Japanese
auto producers reward the satisfactory perfor-
mance of their suppliers with contract renew-
als rather than putting each new job out for
bid. This view is supported by Jeffrey H. Dyer
and William G. Ouchi (1993 p. 54) who ob-
serve that,

While a supplier may have a contract for
four years, in reality Toyota’s and Nis-
san’s partners have essentially open-
ended contracts that according to a
Nissan purchasing manager ‘‘have no
real termination date.”” As one Toyota
supplier said, ‘“‘Once we win the busi-
ness, it is basically our business unless

2 Japanese-style procurement contracts also correspond
to what Oliver E. Williamson (1979, 1985) describes as
a “‘relational contract,”” and Victor Goldberg (1976) de-
scribes as an ‘‘administered contract.”
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we don’t perform. It is our business to
lose.”

In fact, the practice of awarding open-ended,
long-term supply contracts is widespread
throughout Japanese industry. A survey of
subcontracting firms reported in 1984 found
that 84 percent had not had a change of pri-
mary buyer in the previous five years. In 1988
a similar study found that 68.2 percent of all
small- and medium-sized subcontractors had
apparently never changed their largest parental
company (Sako, 1992 p. 170). The longevity
of Japanese supply relationships stands in
stark contrast to the short-term trading horizon
occasioned by the competitive bidding system
traditionally used by American firms.

The two methods for providing incentives
for suppliers (up-front inspections and con-
tract renewals) translate naturally into two
fundamentally different systems for playing a
dynamic procurement game of incomplete in-
formation. We analyze such a game below,
and discover theoretical support for many
commonly observed features of the two pro-
curement systems. We first determine that the
two modes of procurement are true ‘‘systems’’
in the sense that it never pays for a buyer to
simultaneously use both up-front inspections
and contract renewals to provide incentives.
Hence, it is appropriate to focus our analysis
on the pure American system (in which in-
spections provide incentives for quality assur-
ance and contract renewals play no role) and
the pure Japanese system (in which inspec-
tions play no role and contract renewals pro-
vide incentives for quality assurance).

Investigating these two systems, we find
that in equilibrium under American-style pro-
curement contracts: (i) the buyer may use a
large number of suppliers over time; (ii) sup-
pliers make zero expected profit; (iii) buyer
costs are higher than first best because inspec-
tions are costly; and (iv) lot sizes and inven-
tory levels are higher than first best and the
frequency of orders is correspondingly low.
We find, in contrast, that in equilibrium under
Japanese-style contracts: (i) the buyer selects
a single supplier and never switches; (ii) the
supplier earns positive expected profit; (iii)
buyer costs are higher than the first-best level
because the supplier receives a quality pre-
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mium; and (iv) lot sizes and inventory levels
are lower than first best and the frequency of
orders is correspondingly high. Finally, we
find that equilibrium quality under either pro-
curement system is typically quite close to the
efficient standard.

These results are of considerable interest be-
cause shifting from the American-style to the
Japanese-style system of procurement is in-
creasingly fashionable. Asanuma (1988) re-
ports that American automakers began to forge
long-run Japanese-style partnerships with
many of their suppliers in the mid-1980’s.
McMillan (1994) documents similar recent
changes at Xerox, Boeing, and Motorola and
throughout the American textile and machine
tool industries. Indeed, Faye W. Gilbert et al.
(1994) surveyed manufacturing firms capable
of implementing JIT purchasing systems lo-
cated in the southern United States. Of the 107
respondents, 68 claimed to be using some fac-
ets of JIT purchasing. Milgrom and Roberts
(1990, 1995) also note that firms worldwide
appear to be adopting Japanese-style procure-
ment practices as part of a general modern eco-
nomic strategy.

Although our focus and results differ from
those of Milgrom and Roberts (1990, 1995),
our findings underscore the link these authors
draw between the implementation of flexible
manufacturing equipment and the adoption of
Japanese-style procurement practices. Numer-
ically controlled machine tools that can dra-
matically reduce the cost of setting up a
production run were first used widely in Japan,
and have spread to the United States and other
Western countries only in recent years. The
results we present below indicate that falling
set-up costs from the implementation and im-
provement of such equipment will eventually
lead firms to switch from the American-style
to the Japanese-style mode of procurement in
a ‘‘bang-bang’ fashion.’ Thus, our analysis
points to particular characteristics that influ-
ence the desirability of the two systems, iden-
tifies complementarities in implementation,
and shows that it is important to carefully eval-

% Susan Athey and Armin Schmutzler (1995) analyze
the product and process research strategy of a firm en-
gaged in ‘‘modern manufacturing.”’
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uate the entire system rather than individual
components. We also show that even when
systems differ radically, costs and quality may
not differ much, and we identify several spe-
cific hypotheses that can be used to test the
theory.*

I. The Model

Consider two firms, a buyer and a supplier.’
The supplier produces output in batches and
has costs of f + c(8)x, where x is the number
of units produced, and @ is the proportion of
nondefective units (the ‘‘quality’’ of the lot),
which is chosen deterministically by the sup-
plier. The nonnegative parameter f represents
the fixed costs of setting up and delivering a
production run. The marginal production cost
c(+) is nonnegative, increasing, convex, and
twice continuously differentiable in § € [0,
0], where 0 = § < 6 = 1. Both firms are ex-
pected profit maximizers, have reservation
profit levels of zero, and discount in continu-
ous time at interest rate r.® The buyer is as-
sumed to possess all the bargaining power.

Suppose the buyer draws down its inventory
of supplies at an exogenous rate g, and that it
wishes the proportion of nondefective supplies
to be at least § > ¢.” Further assume the actual
proportion of defectives in a lot is nonverifi-
able and, hence, cannot be contracted upon
directly.

We consider two incentive mechanisms for
inducing the desired level of quality in this set-
ting, ‘‘American-style’’ and ‘‘Japanese style’’
procurement. Each of these systems is defined
fundamentally in our analysis by the buyer’s

* Two technical lemmas (2 and 3) and proofs of most
of the main results appear in the Appendix. To save space,
several straightforward proofs have been omitted but are
available from the authors in a technical Appendix.

* The analysis can be applied to any two firms (or any
two divisions within a firm) situated vertically on the
value-added chain, such as an original equipment manu-
facturer and parts supplier, or a retail firm and wholesaler.

¢ Kawasaki and McMillan (1987) reject statistically the
hypothesis that Japanese subcontractors are risk neutral.
Adding risk aversion to our model would strengthen the
case for Japanese-style procurement because of the ran-
dom inspection policy used under American-style
procurement.

" The choice of 8 is considered in Section III below.
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decision to inspect deliveries; incoming ship-
ments are inspected under American-style
procurement while under Japanese-style pro-
curement they are not. This difference in the
decision to inspect in turn leads to the other
disparities in the procurement arrangements,
including differences in lot sizes and inventory
levels, supplier profitability, and the longevity
of trading relationships.

Under American-style procurement the
buyer inspects a shipment on delivery and ei-
ther accepts or rejects the lot without payment
depending on the outcome of the inspection.
Acceptance sampling of a lot with an unknown
proportion of defectives was first studied by
Abraham Wald (1947), and has been refined
by such authors as Anders Hald (1981) and
Edward G. Schilling (1982). Following this
literature, if the buyer conducts an inspection,
it is assumed to sample units at random se-
quentially from a given lot and to classify each
unit it examines as either defective or nonde-
fective. After examination of each unit, the
buyer applies the probability ratio test sug-
gested by Wald (p. 90) that indicates whether
the lot should be accepted or rejected or
whether sampling should continue. In partic-
ular, the buyer chooses a tolerance band (6,,
#,) around the desired quality level 6. The er-
ror probabilities associated with accepting the
lot when its true quality is less than 6, or re-
jecting the lot when its true quality is greater
than 6, are also chosen by the buyer, and de-
fine the power of the test.

For simplicity, assume that the tolerance
band is narrow and the error probabilities are
negligible; i.e., if the buyer inspects a ship-
ment, it employs a powerful test and essen-
tially learns the true proportion of defectives.
Also, suppose that each lot is large enough that
examination of successive units can be viewed
as essentially independent; i.e., the difference
between sampling with and without replace-
ment is negligible. This common assumption
implies that the expected sample size at which
the inspection is terminated does not depend
on lot size.® Hence, the expected cost of

& Expounding on this point, Hald (1981 p. 38) writes:
““The discriminating power of the sampling plan is thus
determined essentially by the number of items in the sam-
ple, not by the percentage of items inspected.”’
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inspecting a shipment is also independent of
lot size and is denoted here by m.’ Finally, it
will generally be unnecessary for the buyer to
inspect every shipment. Instead, it is assumed
the buyer performs random inspections and
commits to an inspection probability (inten-
sity) of € [0, 1].1°

Although inspection outcomes are not con-
tractible, payment to the supplier can be made
contingent on the buyer accepting delivery.
Once the buyer accepts a shipment, however,
it is assumed to have no meaningful legal re-
course if it subsequently discovers the lot to
contain an unsatisfactory proportion of defec-
tives.!! If the buyer rejects a shipment, the
seller forfeits current payment on the output
produced.

The second method for inducing supplier
performance is associated with Japanese-style
procurement. Specifically, the buyer can make
an informal promise to award the supplier con-
tract renewals so long as it performs satisfac-
torily. It is assumed that if the buyer does not
perform an inspection, it learns quality shortly
after accepting delivery of a shipment. If the
supplier earns positive profit on each contract,
then the threat of nonrenewal will provide an
incentive to furnish the desired level of
quality.

Assume the buyer has access to a pool of
equally qualified suppliers and the time asso-

® Although m does not depend on x, it does depend on
. The properties of this dependence are governed by tech-
nological factors and the form of the buyer’s loss function,
which are suppressed here. Note, however, that none of
our results, including Proposition 6, requires any proper-
ties other than m = 0 and | dm/df| < .

' The assumption of commitment to an inspection in-
tensity greatly simplifies the analysis and is standard in
the auditing literature. The American system may still
dominate even if commitment to « is not possible, but then
one would expect suppliers to cheat with positive proba-
bility. Some insight into this problem is provided by our
earlier working paper (Taylor and Wiggins, 1994), which
analyzes a conceptually similar model where there is no
commitment.

"1t is relatively straightforward for a court to verify
acceptance of a shipment, whereas verifying its quality
and whether it was handled appropriately by the buyer
after delivery is apt to be prohibitively costly. This is un-
doubtedly the reason Sako (1992 p. 11), commenting on
American-style procurement, notes that: ‘“The principle of
caveat emptor predominates.’’
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ciated with writing a contract and producing a
lot is negligible. Thus, the buyer is not injured
if it rejects delivery of a shipment or termi-
nates a supply relationship. This, however, is
not the case for the supplier. The scrap value
of a rejected shipment to the supplier is taken
to be zero, so that rejection of delivery means
the supplier receives no revenue on the lot.'
In addition, if the buyer fails to renew a con-
tract the supplier is assumed to suffer a loss of
reputation and any associated future quasi-rent
stream; i.e., it receives its reservation profit of
zero from then on.'* Hence, under the Amer-
ican system, incentives are provided primarily
by a threat to withhold payment and give a
supplier caught shirking negative current
profit, while under the Japanese system incen-
tives are provided by the threat to cut off a
shirker and eliminate its fufure reputational
returns.

We consider a general model where the
two procurement systems just described are
distinct solutions. Any supply contract in
this setting consists of five elements: an in-
spection probability «, a lot size x, an im-
plied order frequency (g/x), a quality level
0, and a delivery-contingent payment w(x,
#). Because the buyer possesses all the bar-
gaining power, it will choose x, &, and w(x,
#) so as to minimize the expected present
value of its procurement and inspection
costs subject to the supplier’s incentive
compatibility and individual rationality
constraints.

Note that the time between orders (the in-
verse of the order frequency) is (x/q), and
hence the discount factor is

b=e ",

'2 In fact, a supplier might receive some residual benefit
from a rejected shipment; e.g., it might sell the lot or some
fraction of it to another buyer at a later date. The critical
feature is that rejection hurts the supplier as compared with
acceptance. This is well known among the proponents of
acceptance sampling. For instance, Hald (1981 p. 6)
writes: “‘It is of utmost importance that the rejection of a
lot should be of economic consequence to the supplier
....”" If the injury from rejection is small, then the buyer
will be compelled to inspect more intensively or to give
more rent to the supplier on each contract.

13 Again, it is not essential that the supplier suffer a
complete reputation loss, as is assumed here for simplicity.
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where A = (r/q). It is incentive compatible
for the supplier to deliver shipments of quality
0, if it does better by doing this and receiving
contract renewals than by delivering ship-
ments of any other quality. The supplier ob-
viously has no incentive to furnish quality
higher than 6. Moreover, there is no point in
attempting to shirk just a little because an in-
spection (if one is performed) reveals the true
quality of a shipment. This means the supplier
will either comply with the contract, or attempt
to deliver a shipment of the lowest possible
quality 6. As a result, the incentive compati-
bility constraint is given by

w(x,0)— f —c(0)x
1-6

(1)
=1 —-a)wx,0)— f —c(0)x.

The left side of this inequality is the net present
value of continually complying with the con-
tract and receiving renewals. The right side is
the expected benefit of attempting to deliver a
shipment of quality #. Specifically, the sup-
plier bears the production cost f + c(6)x, and
receives the payment w(x, €) if the buyer does
not perform an inspection; i.e., with probabil-
ity (1 — a). Even if the buyer does not per-
form an inspection, however, it ultimately
observes the low quality of the shipment and
severs its relationship with the supplier before
placing another order—though this threat is
only meaningful to the supplier if there is a
quasi-rent flow under the contract.

The individual rationality constraint is sim-
ply that the supplier not earn negative profit
by complying with the contract

2) w(x,0)— f—c(@)x=0.

For a given 6, the buyer’s contract design
problem is thus given by

w(x, 0) + am
1-6 ?

(xa,w(-,0))

subject to (1) and (2).

The problem can be simplified by noting
that the buyer will pay the supplier no more
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than required by the incentive compatibility
constraint (1), making it possible to write this
constraint as an equality which can then be
used to eliminate w(x, #) from the problem.'*
Substitution yields the following cost-
minimization problem:

(3) minK(x,a,a)EﬁLo)x
(x,a) 1-6

am  (a(x,0)—a)(f+c(0)x)

+1—6+ I-(l—a)(1-6) ’
subject to
4) a=0
and
(5 a=a(x,0),
where
© a0y O = c@®)x

f+c(O)x

The first term on the right side of (3) is the
present value of production costs; the second
term is the expected present value of inspec-
tion costs which can be thought of as the
agency cost associated with American-style
procurement; and the third term is the ex-
pected present value of the incentive rent paid
to the supplier on each contract. This rent
stream can be thought of as the agency cost
associated with Japanese-style procurement.
The nonnegativity condition (4) simply indi-
cates that zero is the lowest probability with
which an inspection can be performed."> Con-
dition (5) is a reformulation of the individual

14 To see why (1) can always be written as an equality,
note that if (2) binds but (1) does not, the buyer can re-
duce « unless it already equals zero. Moreover, if @ = 0,
then (2) cannot bind, or else (1) would boil down to the
contradiction c(6) =< c(8). Hence, the buyer can always
reduce « until (1) binds.

'3 Technically, there is also a nonnegativity condition
for x, but such a constraint never binds when f > 0 be-
cause the present value of production costs becomes infi-
nite as x approaches zero.
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rationality constraint (2) when (1) binds. Spe-
cifically, if « > @(x, ) and (1) binds, then
the supplier earns negative profit, as is clear
from the third term on the right side of (3).
The supplier receives positive rent so long as
a(x, 8) — a > 0, and just breaks even when
(5) binds. In other words, if the buyer pays the
supplier the minimal incentive compatible
rent, then this imposes an upper bound on its
inspection intensity. The boundary, a(x, 6),
starts at the origin and increases monotonically
in x toward its asymptotic value [c(§) —
c(0)1/c(0). The set of points { (x, a)} satis-
fying (4) and (5) is referred to below as the
“‘feasible region.”’

Note that the present value of inspection
costs [am/(1 — 6)] is increasing in « and de-
creasing in x due to economies of scale in in-
spections. On the other hand, the expected
present value of agency rents

(@(x, 0) = a)(f+ c(6)x)
1-(1-a)(1-38)

is increasing in x and decreasing in « because
the incentive to shirk on quality is positively
related to lot size and negatively related to in-
spection intensity. Hence, the expected present
value of inspection costs will be high precisely
when the expected present value of agency
rents is low and vice versa. This suggests a
tension between the two incentive mechanisms
(inspections and contract renewals ), which is
formalized in the following lemma.

LEMMA 1: Lot size and inspection intensity
are complements over the feasible region,

K. (x,a,0)=<0, forac[0, a(x,0)].
Remark.—For differentiable functions, non-
positive cross-partial derivatives are equiva-
lent to submodularity. Moreover, the feasible
region is a sublattice of ®* under the conven-
tional Euclidean ordering. Hence, the mono-
tone methods for analyzing comparative
statics first articulated by Donald M. Topkis
(1978) and introduced into economics by
Milgrom and Roberts (1990, 1995) and
Milgrom and Christina Shannon (1994)
could be applied here. We, however, do not
employ this methodology because our cost-
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minimization problem (while nonconvex) is
differentiable. Also, several of our most im-
portant results are ‘‘limit theorems’’ for which
monotone methods are ill suited.

Consider the equilibrium contract solving
(3). If this contract relies more on inspections
than on contract renewals to regulate supplier
behavior (i.e., if it looks more like an
American-style procurement contract), then
Lemma 1 indicates that it will involve com-
paratively large orders and inventory levels
and low supplier profit. Conversely, if the
equilibrium contract relies more on renewals
to provide incentives (i.e., if it looks more like
a Japanese-style procurement contract), then
it will involve comparatively small orders and
inventory levels and high supplier profit. The
rather complicated form of the objective func-
tion makes further analysis of the equilibrium
contract problematic in general.

In order to develop further results from the
model, we consider cases in which the interest
rate divided by the use rate A is taken to be
small. This assumption seems appropriate in
all reasonable applications and makes it pos-
sible to simplify greatly the buyer’s contract
design problem.'® Specifically Lemma 2 in the
Appendix shows that if (x, ) is a potential
solution to the buyer’s problem, then lim,_, yhx =
0. Hence although any potentially optimal lot
size x becomes arbitrarily large as A becomes
small, the divergence is slow enough that hx
becomes arbitrarily small. Moreover, when Ax
is small, ¢ is approximated very closely by the
second-order Padé expansion '’

5=2—hx
2+ hx'

16 Technically, the unit-free number hx is required to
be small because the magnitude of # alone depends on the
units in which the supplier’s output is measured. This is
somewhat awkward because x is a choice variable, not a
parameter. Fortunately, Lemma 2 (in the Appendix) re-
solves this problem and results below are stated in terms
of small /& with the understanding that this implies small
hx.

'7 In this setting (as is frequently the case) a Padé ex-
pansion is algebraically more convenient and often more
accurate than a Taylor-series expansion (see Kenneth
Judd, 1997 Ch. 6). The Padé expansion is used here only
for algebraic convenience and to obtain closed-form
solutions.
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Substituting 4 into (3) transforms the
buyer’s problem into

(7) min K(x, o, 8)
(xe)

= ¢(x) (f+ c(0)x + am)
+ y(x, @) (a(x, 0) — a)

X (f+c(d)x),

subject to (4) and (5), where

d(x)=(1 -8

and
yx,a)=[1-(1-a)(1-81"

In the analysis that follows, we sometimes re-
quire A not only to be small, but arbitrarily
small in order to prove limit theorems con-
cerning solutions to the cost-minimization
problem. We identify these situations by writ-
ing ““for h sufficiently small.”” '*

An extreme point of K(x, a, ) is any point
(xo, ap) satisfying the first-order conditions
(8) K~x(x09 aO,O)

=@’ (x0) (f + agm)
+ (c(6)/2) + y(xo, o)
X[(1—ag)c(d)—c(8)]
+ yx(x09 aO) (a(xO, 0) - aO)

X (f+c(@)x) =0

and

'8 While arbitrarily small 4 dramatically simplifies the
analysis, to our knowledge, it is a necessary condition only
for the second part of Proposition 3.
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(9) Ku(x0, @0, 6)
= ¢(x0)m + y(xo, @) (f+ c(8)x0)
+ Yal X0, @)
X (@(x0,8) — @) (f+ c(8)x) = 0.

Lemma 3 in the Appendix shows that as 4 ap-
proaches zero, any x, must go to infinity at rate
1/ n ) and any a, must converge to the finite
value &,. These facts make it possible to prove
a key result of the paper.

PROPOSITION 1: For h sufficiently small,
the equilibrium procurement contract solving
(7) must be either a purely American-style
contract with a = a(x, 0) or a purely
Japanese-style contract with o = 0.

PROOF:

The claim is established by showing that
when A is sufficiently small K(x, a, 8) pos-
sesses a unique extreme point (x,, o). More-
over, (xo, &) is a saddlepoint, which implies
that a corner solution involving either ¢ =
a(x, 0) or a = 0 must obtain. See the Appen-
dix for the algebraic details.

The intuition behind Proposition 1 is
straightforward. The complementarity be-
tween lot size and inspection intensity identi-
fied in Lemma 1 is so strong that it never pays
to use inspections and contract renewals si-
multaneously to provide incentives. The rea-
son is that the marginal returns to inspections
are highest when lots are large, and the mar-
ginal returns to contract renewals are highest
when lots are small. Hence, using both
inspections and renewals and ordering
intermediate-sized lots is dominated by mov-
ing to one extreme or the other, exclusively
using one incentive system.

To illustrate the significance of the comple-
mentarity between the choice variables, sup-
pose h is small and the saddlepoint (x,, o)
lies in the feasible region. Then, x, is the cost-
minimizing lot size holding inspection inten-
sity fixed at a,, and « is the cost-minimizing
inspection intensity holding the lot size fixed
at xo. In other words, it is not possible to
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reduce costs below K(xo, ao, #) by changing
either lot size or inspection intensity alone.
Proposition 1, however, indicates that it is pos-
sible to reduce costs by exploiting the comple-
mentarity between the choice variables and
decreasing or increasing lot size and inspec-
tion intensity together. In fact, it is possible to
continue to reduce costs in either of these ways
until a boundary of the feasible region is
reached; i.e., until (4) or (5) binds. Of course,
if (xo, ay) does not occur in the feasible region,
then a corner solution to (7) still obtains along
the boundary furthest from the saddlepoint.
Hence, cost minimization involves either
heavy inspections, larger less frequent orders,
high inventory levels, supplier profit of zero,
and a job-by-job relationship (the pure Amer-
ican system), or no inspections, smaller more
frequent orders, low inventory levels, positive
supplier profit, and an ongoing relationship
(the pure Japanese system).

Remark.—In practice, American-style pro-
curement is usually implemented via compet-
itive bidding for orders by several potential
suppliers. This is consistent with Proposition
1 because the American system does not use
contract renewals to provide incentives and
hence there is no particular reason to use the
same supplier over time. In fact, if there is cost
heterogeneity among potential suppliers that
varies over time (not modeled here), then
awarding a supply contract on the basis of
competitive bidding is desirable for the buyer
and also enhances efficiency. This contrasts
sharply with the Japanese system where incen-
tives are provided exclusively through the
promise of contract renewals, and as a result a
long-term supply relationship is an essential
ingredient. The importance of contract re-
newal creates an incentive to restrict the num-
ber of suppliers and avoid bidding once the
relationship has begun (see the discussion of
multiple-sourcing under Japanese-style pro-
curement in Section IV)."

9 Of course, a buyer using the Japanese system would like
to capture the capitalized value of the agency rents at the time
it selects a supplier. Requiring candidates to bid for the right
to be a long-term supplier, however, is problematic because
this may provide the buyer with an incentive to opportunisti-
cally sever the relationship in order to resell the right. In prac-
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II. Comparing the Procurement Systems

It turns out that neither the American nor
the Japanese system is generally first-best ef-
ficient. In order to demonstrate this, the fol-
lowing benchmark is necessary.

PROPOSITION 2: The first-best lot size is
given by

2q9f

rc(8)

(10)

XpB =

Expression (10) is the celebrated square-
root order-quantity rule known by management
scientists since the 1920’s and introduced
to mainstream economics by William J.
Baumol (1952) and James Tobin (1956), who
studied the inventory-theoretic demand for
cash. In the present context, the square-root
rule balances the frequency with which the
fixed set-up/delivery cost is borne against the
financial cost of carrying inventory. Accord-
ingly, a rise in g or f causes the first-best lot
size to increase, while arise in 7 or ¢ () causes
it to decrease.

PROPOSITION 3: The equilibrium lot size
under the Japanese system is smaller than first
best, xy < xgp, and the equilibrium lot size un-
der the American system is larger than first best
for m > 0 and h sufficiently small, x > Xgg.

Both Japanese-style and American-style
procurement typically involve inefficient lot
sizes. Under Japanese-style contracting, there
are two reasons for placing smaller than first-
best orders. To see this, consider the agency
cost under this system

(11)  y(x, 0)a(x, ) (f+ c(6)x)

_Le® - c@®]x
. .

tice, Japanese firms appear to compete for the right to be a
long-term supplier by offering to make relationship-specific in-
vestments such as ‘... significant customized investments in
plant, equipment, and personnel ...”” often including ‘... build-
ing a supplier plant within 15 miles of the customer plant ... .’
(Dyer and Ouchi, 1993 pp. 53, 55).
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The expression on the right is familiar from
the reputation literature pioneered by Benjamin
Klein and Keith B. Leffler (1981) and Carl
Shapiro (1982, 1983). It is the present value
of the stream of quality premiums earned by
the seller of an experience good. The two rea-
sons for the buyer to place inefficiently small
orders can be identified respectively with the
numerator and the denominator. The numera-
tor (c(0) — c(8))x is increasing in x because
the smaller the order, the smaller the gain to
the supplier from shirking, and the smaller the
required incentive payment. The denominator
¢ is decreasing in x because the smaller the
order, the shorter the period between contract
renewals, and the less heavily the supplier dis-
counts its rent stream. In other words, if the
buyer renews the contract more frequently, it
can reduce the per-unit agency rent it must pay
to the supplier. Thus, although xps minimizes
the present value of production cost, the buyer
finds it advantageous to place smaller orders
under Japanese-style contracting. The associ-
ated productive inefficiency is more than off-
set by savings in agency cost.

Next, consider the agency cost under
American-style procurement

(12) ¢x)a(x,0)m
_Le® = c@)x/(f+c(6)x) Im

~.

1-9

Again, there are two effects, one associated
with the numerator of the ratio on the right and
one associated with the denominator. This
time, however, the effects work in opposite di-
rections. Specifically, the denominator, 1 — ¢
is increasing in x because the larger the lot, the
longer between orders and potential inspec-
tions. On the other hand, the numerator,
[(c(8) — c(@)x/(f + c(8)x)]m, is also in-
creasing in x because the larger the order, the
larger the gain to the supplier from shirking,
and the higher the required inspection inten-
sity. Proposition 3 indicates that when £ is suf-
ficiently small (as it generally is) the former
effect dominates, and it behooves the buyer to
order larger than efficient lots. This is because
when A is small, x, is large and the inspection
intensity a(x,, ) is close to its asymptotic
value [c(0) — c(8)1/c(8);1i.e., it is nearly flat
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and, hence, changes very little with lot size. In
other words, large x, implies that expected in-
spection costs depend very little on lot size
because

f(c(8) —c(d))
(f+ C(‘%"A)2

is very small (on the order of 1/x3).

One implication of Proposition 3 is that the
two methods of procurement cannot generally
be ranked in terms of efficiency. For instance,
in the limit as the expected inspection cost m
goes to zero, American-style procurement be-
comes fully efficient. If m is large, however,
the American system will involve significant
deadweight loss due both to the distortion in
lot size and the expected cost of performing
inspections. Under the Japanese system, in
contrast, the only source of inefficiency de-
rives from inappropriately small orders be-
cause the agency cost is merely a transfer from
the buyer to the supplier.

Observe from (11) and (12) that both sys-
tems are fully efficient when the incentive to
commit moral hazard disappears; i.e., when 6 =
6. In this case, of course, it is not necessary to
pay a quality premium or to perform inspec-
tions. A less obvious and more important point
concerns the role of the set-up/delivery cost f.

a,(xa, 0)m =

PROPOSITION 4: In the limit as f goes to
zero, the Japanese procurement system be-
comes fully efficient while the American sys-
tem does not. In particular, for m > 0

N . 9
lim K(x;, 0, ) = lim K(xgg, 0, 0) = _c;(__)g
f~0 -0 r

< lim K(x,, @(xa, 6), 6).
-0

Recall the reason for periodic production
runs, to balance the frequency with which the
fixed set-up/delivery cost is incurred against
the cost of carrying inventory. As f becomes
small, the frequency with which it is incurred
becomes less important, and the lot sizes x;,
xep, and x, all accordingly shrink to econo-
mize on carrying cost. In fact, x; and xgp both
go to zero in the limit and production becomes
a continuous flow that matches the use rate of
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q. This, however, is not the case under the
American procurement system. As f becomes
small, the inspection intensity a(x, ) con-
verges to its limiting value [c(0) — c(8)]1/
c(0), which does not depend on x. Hence the
expected inspection cost a(x, §)m is a fixed
cost in the limit, and the optimal lot size x, is
therefore strictly positive.”

Remark.— A closely related result is that buy-
ers that use the Japanese-style procurement
system have an additional incentive at the mar-
gin to seek out suppliers with low set-up/de-
livery costs, while firms that use the
American-style system have less incentive to
seek out such suppliers. This is easily verified
by applying the envelope theorem as follows:

9K (x;,0,60)
af = ¢(xy)

and

6K~(xAy a(-xA’ 0)’ 0)
of

L@ —c®)]1x

- ¢(xA)<l [f+ c(8)xa]?

) < ¢(xa).

Thus, x; < x, implies that a reduction in fis
more valuable to a buyer procuring inputs via
the Japanese system than to one using the
American system. This is because the smaller
lots associated with Japanese-style procure-
ment generate a shorter inventory cycle and
more frequent orders.

So far, it has been shown that as m becomes
small, the American system becomes efficient
and is the preferable mode of procurement for

20 Two caveats are warranted here. First, as x; becomes
small, the lag between when the buyer accepts a lot and
when it ultimately learns quality is relevant because the
supplier may be able to shirk on several small shipments
before the buyer terminates the contract. As stated, Prop-
osition 4 assumes the lag to be zero, but it is straightfor-
ward (although messy) to generalize this. Second, when
x, is small, the assumption that m is independent of lot
size may be inappropriate. However, so long as American-
style procurement involves costly monitoring of some
kind, the gist of Proposition 4 holds.
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the buyer. Alternatively, as f becomes small,
the Japanese system becomes efficient and is
the preferable mode. The following result
sharpens these observations and provides
some valuable additional insights.

PROPOSITION 5: For h sufficiently small,
the buyer strictly prefers Japanese-style to
American-style procurement if, and only if,

£ 1

m 2

This result is noteworthy in part because it
provides a simple criterion for a buyer to eval-
uate the two systems. Specifically, if f/m < '/,,
then the Japanese system minimizes the pres-
ent value of procurement costs; if f/m > '/,
then the American system is optimal; and if f/
m = '}, then the two systems are equally
costly. This argument is valid, moreover, re-
gardless of whether the saddlepoint (xp, ao)
lies above, below, or within the feasible
region.

To investigate this further, note that as h
goes to zero, a(xy, ) converges to [c(8) —
c(8)1/c(0). Set this limiting value of & (xo, 8)
less than the limiting value &, given in (Al)
(in Lemma 3 in the Appendix) and collect
terms to get the following necessary and suf-
ficient condition for the saddlepoint to lie
‘‘above’’ the feasible region when A is small,

£ 1 c(8) = c(8)
(13) m<2 @) .

Similarly, set the limiting value &, from (A1)
less than zero and rearrange terms to get the
following necessary and sufficient condition
for the saddlepoint to lie ‘‘below’’ the feasible
region when A is small,

1 c8)—c8)
(14) m>2+ @ .

When A is small and (13) holds (so that the
saddlepoint is above the feasible region), the
Japanese system, x = x; and a« = 0, is the
unique local (and hence the global) solution
to the buyers contract design problem (7). A
buyer using American-style procurement in
this situation would be better off switching to
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the Japanese system, but even a small reduc-
tion in lot size and inspection intensity would
lower its costs. In other words, local incentives
for change coincide with the global incentives.
Similarly, when 4 is small and (14) holds (so
that the saddlepoint is below the feasible re-
gion), then the American system, x = x, and
a = a(xa, 0), is the unique local solution to
(7), so that a buyer using Japanese-style pro-
curement would lower its costs even if it only
increased lot size and inspection intensity
slightly. When A is small, however, but neither
(13) nor (14) holds, then (x,, ay) lies in the
feasible region and both systems are local so-
lutions to (7). In this instance, local incentives
for change will not be aligned with the global
incentives. In other words, even though a
buyer might be better off switching from the
American procurement system to the Japanese
system (or vice versa), a slight decrease (in-
crease) in lot size and inspection intensity will
raise costs; i.e., large-scale shifts in both be-
havior and organizational form are required in
order to make the buyer better off.

These arguments highlight the existence of
an intriguing discontinuous comparative static.
Specifically, if f/m moves from slightly above
to slightly below (or from slightly below to
slightly above) '/, then the optimal mode of
procurement will switch from the American to
the Japanese system (or vice versa). In other
words, a modest change in parameter values
can give rise to a large shift in cost-minimizing
behavior and organizational form that involves
switching between heavy inspections and no
inspections, between large orders and small
orders, between competitive bidding on each
job, and a long-term supply partnership. These
changes, however, will be associated with only
small cost savings so that firms may be slow
to implement them.

As an example, consider Table 1, which was
generated under the parameter values: g = 200
units per day, r = 0.04 percent per day, m =
$2,000, c(6) = $20 per unit, and c(8) = $10
per unit. The table compares the American and
Japanese systems in a case where there are two
local minima before and after a technological
innovation giving rise to a 2-percent fall in f
from $1,010 to $990. The top row shows the
expected present value of procurement cost
(minus 10 million dollars) in each case; the
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second row gives the agency cost which is ei-
ther the expected present value of inspection
costs or agency rents. The third and fourth
rows show the lot sizes and inspection inten-
sities, respectively.

It is easy to check that neither (13) nor (14)
holds before or after the innovation in f. Thus,
both systems are local minima of the cost func-
tion, although only one system corresponds to
the global minimum in each case. Specifically,
when set-up/delivery costs are $1,010 on each
production run (so that f/m = 0.505), then
American-style procurement is $830 less ex-
pensive than Japanese-style procurement.
Suppose that set-up/delivery costs fall to $990
due to technological innovation (so that f/m =
0.495), then American-style procurement be-
comes $250 more expensive than Japanese-
style procurement. If the buyer switches modes
of procurement in response to this innovation
in f, the expected present value of its total cost
savings is only $1,260 or about 0.012 percent.
Although these savings are trivial, the buyer’s
behavior and organizational form must change
dramatically. In particular, it cuts the size of its
orders from 10,000 to 4,950 units and the pe-
riod between orders from 50 to 24.75 days. In-
stead of soliciting competitive zero-profit bids
on each order, it forms a long-term partnership
with a single supplier and pays it about $490
profit on each order. Instead of inspecting
nearly half the shipments it receives, it stops
performing inspections altogether.

As the example suggests, when the saddle-
point lies in the feasible region (so that both
systems are local minima), it may be difficult
for a buyer using one procurement system to
evaluate the merits of switching to the other
dramatically different system. Indeed, making
a switch requires large-scale changes in be-
havior and organizational form, while the pro-
curement cost savings resulting from a switch
may be very modest. For this reason, it should
not be surprising to observe, for example, buy-
ers in the same industry (but different coun-
tries) using different procurement systems.

Market conditions, moreover, may increase the
incentives of buyers to coalesce around a single
system, raising the costs of switching. If most
buyers are using the American system, it might
be difficult for a buyer to identify and edu-
cate potential suppliers about the merits of the
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TABLE 1—A DiSCONTINUOUS COMPARATIVE STATIC

f=$1,010 f=$990
American Japanese American Japanese
R-10 $201,250 $202,080 $200,240 $199,990
Agency cost $50,250 $50,500 $50,510 $49,990
x 10,000 5,000 9,950 4,950
a 0.4975 0.0000 0.4975 0.0000

Japanese system and how its incentives operate,
which would be important if inspections were not
undertaken. Hence conditions in the supplier mar-
ket may create persistence in a system even if it
would be profitable for a given buyer to switch.
Indeed, ‘‘Japanese-owned plants in the U.S. pur-
chase more than 50% of their auto components
from Japanese suppliers.”’ (Dyer and Ouchi,
1993 p. 51.) If, however, set-up/delivery costs
decline over time because of technological inno-
vation, as we discuss further below, then it seems
likely that there may be a period where the sys-
tems coexist but a shift to Japanese-style pro-
curement will ultimately occur.

Remark. —Inspection costs have also fallen
over time due to technological innovation.
However, the new inspection technologies
such as ‘‘machine vision’’ are better adapted
for continuous process inspection of simple
parts and components rather than spot inspec-
tions of incoming shipments possibly contain-
ing complex components or subassemblies.
(See Jose A. Ventura et al., 1988; Kenneth W.
Chapman et al., 1990; Ventura and Sencer
Yeralan, 1990; Ehsan Asoudegi, 1992.)
Hence, these new inspection technologies may
well reduce the cost of quality control at the
supplier’s plant, but probably impact the
buyer’s inspection cost, m, very little.

III. The Quality Standard

For expositional reasons, the preceding
analysis exogenously fixed the acceptable pro-
portion of defectives at some level 6. In gen-
eral, however, it is important to endogenize 6
and determine how this quality standard varies
under the two procurement systems.

In order to analyze the buyer’s choice of qual-
ity standard, it is necessary to consider its output

market.”! For brevity this is done with a mini-
mum of additional modeling. Specifically, as-
sume that a buyer that has not tarnished its
reputation in the output market earns flow
revenue of p(#)q per unit of time. The price
function p(0) represents the willingness of con-
sumers to pay for units of output that contain
defective inputs with probability 6, and is as-
sumed to be positive, increasing, strictly con-
cave, and twice continuously differentiable.
Consumers cannot observe the buyer’s pro-
curement contracts or the supplier’s behavior.
Instead, in addition to their own experiences,
they periodically observe market data regard-
ing 6; e.g., from consumer reports, certified
advertizing claims, or word of mouth.?> As
usual, if a buyer with a reputation for quality
level 8 ever sells output of a lower quality,
then consumers learn this after a brief interval,
and refuse to purchase the buyer’s output from
that time forward. Hence, a buyer must ini-
tially decide where on the price-quality spec-
trum it would like to operate. To ease notation,
the buyer’s own production costs are assumed
to be netted out of the price function so that
its profit-maximization problem can be written

(15) max I1(x, a, )

(x,,0)
= p(8)/h — K(x, a, )
subject to (4) and (5).

2! For an analysis of the links between flexible manu-
facturing and market structure, see B. Curtis Eaton and
Nicolas Schmitt (1994).

2 If consumers used only their own experiences with
the product, then demand would steadily erode over time
unless 0 = 1.
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Obviously, the buyer’s choice of x and «
concern only cost minimization. Hence, Prop-
osition 1 applies, and when A is small, it can
be assumed that the buyer either employs the
pure Japanese or the pure American procure-
ment system. Accordingly, let (x,, 6;) denote
the solution to (15) when a = 0 and let (xa,
6,) denote the solution when a = a(x, 6).
Also, let (xgg, 0rs) denote the first-best solu-
tion (when m = 0).

PROPOSITION 6: For h sufficiently small,
both 0, and 0, are arbitrarily close to Ogg, and
X; < Xpg < Xa-

Thus, when & is small, the quality standard
under either system is approximately the same
as would be set in the first-best world, although
the distortions in lot size identified in the pre-
vious section persist. The intuition is straight-
forward. The direct effects under each system
arising from IT, I1,y < O favor 6) < O, 04 <
O, and x; < xgp < xa. Because I, 4 # 0, how-
ever, there is an interaction or cross effect be-
tween lot size and quality that can potentially
swamp the direct effects under either system.
Proposition 6 indicates that as 4 becomes small,
both the direct effects regarding quality and the
cross effects become negligible, while the direct
effects concerning lot size do not.

There is a final noteworthy point regarding
quality. It is a straightforward comparative
statics exercise to show that the equilibrium
quality standard under both systems is de-
creasing in f, which accords nicely with the
central theme of this paper. Specifically, as f
drifts down over time due to technological in-
novation, quality will improve, lot sizes will
decrease, and all firms in an industry will
eventually switch from the American to the
Japanese procurement system.

IV. Applications and Empirical Implications

Our analysis of the two procurement sys-
tems provides insight concerning a number of
sourcing issues. In particular, it helps explain
why procurement systems may differ across
countries, and provides specific empirical pre-
dictions about associated cost conditions. The
model predicts that set-up costs for individual
production run together with inspection costs
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drive the optimal procurement system. Hence,
there should be differences in manufacturing
cost structures across countries associated with
differences in procurement systems. The
model also predicts that firms within an econ-
omy will exhibit similar cost differences as-
sociated with differences in procurement.

The model also holds some implications for
product variety. Like Milgrom and Roberts
(1990, 1995) who argue that variety and JIT
procurement are complementary, we find that
the American system facilitates large orders of
identical goods. Because lots are apt to shrink
as variety increases and because optimal lot
sizes are smaller under the Japanese system, it
will be less costly to provide more variety un-
der this system or procurement. Hence, declin-
ing set-up costs should lead both to increased
product variety and a switch to this system.

Another point concerns the number of sup-
pliers and multiple-sourcing. A purchasing
system akin to the Japanese method has been
used in the United States for long periods in
defense procurement.”® Proposals for second-
sourcing have frequently been advanced.
These proposals seem sensible in that second-
sourcing can keep costs down, and provide
greater buyer flexibility in dealing with quality
problems or supplier shirking. Michael H.
Riordan and David E. M. Sappington (1989)
have shown, however, that when the first
source has a cost advantage, second-sourcing
may be inefficient. Our analysis shows that in
an environment where quality premiums ad-
dress the moral hazard problem, introduction
of a second source may be undesirable even
under cost parity. For instance, if the buyer
attempts to maintain Japanese-style partner-
ships concurrently with » identical suppliers,
then its agency cost is

(¥(x, 0))"a(x, 0) (f+ c(8)x)

_(c(®) — c(®)x
3 ’

2 See, for example, the discussion of quality premiums
contained in William P. Rogerson (1989), who argues
both that there are premiums over marginal cost in military
procurement and that these premiums serve an efficiency
purpose in enhancing development of effective weapons
systems.
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which is increasing in n. Because suppliers
must wait longer between orders under
multiple-sourcing, they discount future profits
more heavily according to the discount factor
8" < 8. This requires payment of a higher pre-
mium. The buyer will ameliorate this to some
extent by further reducing the size of its orders
below x;. Hence, in this context multiple-
sourcing hurts the buyer and further impairs
efficiency.”

At a more fundamental level, multiple-
sourcing through competitive bidding will un-
dermine the solution to the agency problem
provided by the Japanese system. This system
uses quasi-rent streams to discipline sellers,
whereas a competitive bidding system extracts
rents. Moreover, there does not appear to be
any ready solution to this rent extraction prob-
lem since suppliers’ bids will be distorted by
any effort to restore rents in the final pricing
of the lot.

These problems may also help explain the
apparent reluctance of Japanese firms to open
their supplier markets to U.S. companies.
American companies have repeatedly claimed
that it is difficult for them to participate in Jap-
anese supplier markets ( most notably auto
parts). The analysis here provides at least
three reasons why such penetration could be
costly apart from any Japanese protectionist
policies. First, multiple suppliers increase the
per-unit payment to solve the agency problem.
Second, a bidding system could undermine
Japanese-style procurement. Third, American
firms could have higher set-up/delivery costs
that would make it difficult for them to partic-
ipate in a JIT purchasing arrangement.

The analysis indicates in contrast that firms
using American-style procurement contracts
can more readily deal with multiple suppliers.
Our results indicate that competitive pricing is
the key advantage of the American system.

2+ An alternative to multiple-sourcing used by Toyota
and other Japanese companies is parallel-sourcing, under
which different firms are granted renewable contracts to
supply similar (but not identical) items; e.g., axil assem-
blies for different models of car. This practice captures
many of the benefits of multiple-sourcing without incur-
ring many of its costs (see James Richardson and James
Roumasset, 1995).
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McMillan (1994 pp. 213-14) corroborates
this point when he writes,

If the gains from a long-term relation-
ship are small, as in the case of a stan-
dardized item for which the quality is
easy to check and which is produced by
many firms, then short-term relation-
ships may be optimal. The costs of for-
going bidding competition can be large.

This also underscores the point that cost un-
certainty, which is outside the scope of our
model, creates an incentive for multiple sup-
pliers. Hence while our formal analysis shows
only an incentive for sole-sourcing under the
Japanese system, it points toward the impor-
tance of numerous suppliers in American-style
procurement.

The model also provides some insight re-
garding different levels of vertical integration
in the United States and Japan. The ineffi-
ciency of the American system is implicitly
that a transaction requires two inspections—a
process inspection by the seller and a second
inspection by the buyer. In the terms used by
Ronald H. Coase (1937) there are high trans-
action costs to using the ‘‘market.”’” Since in-
spection costs undoubtedly rise with the
complexity of inputs as one moves from pro-
curing more basic inputs to complex subas-
semblies and components, these rising
transactions costs create an incentive for buy-
ers using the American system to integrate up-
stream. Equivalently, because inspections are
not performed by Japanese buyers, there is no
quality control reason for producing complex
intermediate inputs in house.? This incentive
for integration is also present if buyers are us-
ing the American mode of procurement either
because market conditions make it difficult to
find appropriate Japanese-style suppliers or
because of organizational inertia. In contrast,
the relative cost of internal versus external
procurement does not rise under the Japanese

5 The argument here applies to differences in inspec-
tion costs that depend on the level in the chain of pro-
curement. Changes in inspection costs across time will
lead firms to switch procurement systems as predicted by
the model, but within the American system there appears
to be a greater incentive for upstream integration.
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system because there is only one quality in-
spection under that system or internal procure-
ment. In each of these cases the line of
reasoning provided by the model offers one
explanation for the higher degree of vertical
integration found in the United States.

The model also sheds new light on existing
empirical studies of integration. For example,
it suggests that inspection costs may help ex-
plain the degree of vertical integration found
in the empirical studies of the make-or-buy de-
cision by Kirk Monteverde and David J. Teece
(1982) and Scott E. Masten (1984). These
authors find greater integration for com-
plex components and ones with high levels
of engineering and relate that finding to
Williamsonian sunk costs. The inspection cost
hypothesis advanced here can be tested di-
rectly by determining whether complex com-
ponents that lead to greater integration in the
United States are also likely to be produced by
integrated firms in Japan, where sunk costs
may be comparable but inspection costs are
lower. Our analysis suggests that complex
items produced in integrated organizations in
the United States would be procured externally
in Japan.

Finally, the analysis provides a number of
empirical implications that can be used to test
the theory. The theory predicts correlations be-
tween the use of inspections and lot size, be-
tween the use of inspections and the number
of suppliers, between the use of inspections
and supplier profit, and between average lot
size and the number of suppliers. The theory
also predicts an impact of changing set-up
costs on the optimal procurement system,
though in this case one must control for dif-
fering inspection costs. The procurement
systems in turn can be measured by the com-
mitment to repeated dealing and the use of
competitive bidding, as well as lot size and
inspections. Hence there are a number of direct
empirical tests of the basic model.

V. Conclusion

In this paper we have presented and ana-
lyzed a formal model of two methods of
industrial procurement, American-style com-
petitive bidding and Japanese-style relational
contracts. Specifically, we identified each of
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these supply institutions with particular ways
of playing a dynamic procurement game. Al-
though we took the methods for inducing con-
tractual performance as given, all of the other
features associated with these modes of pro-
curement arose endogenously. For instance,
equilibrium lot sizes were shown to be larger
under the American-style competitive bidding
system than under Japanese-style partnerships.
In fact, ‘“The hallmark of JIT purchasing is the
steady purchase of parts in small lot sizes
rather than in large batches as is tradi-
tional under U.S. purchasing practices.’’
(Ahsanuddin Ansari, 1986 p. 45.)

A key finding is that these procurement ar-
rangements represent unified systems. Our
analysis shows that competitive bidding, large
lot sizes and inventories, numerous suppliers,
and the need for quality inspections go to-
gether. On the other hand, long-term commit-
ments and price premiums, small lots, few
suppliers, and the absence of inspections also
go together. The chief disadvantage of the
American system is the reliance on inspection
for quality assurance, and our analysis sug-
gests that such a system will fare worse as
quality becomes a more central focus and
products become more technologically
complex.

Our model also provides a number of test-
able implications. The results predict that
incentive mechanisms such as inspections
and quality premia should be correlated
with order size and inventories, supplier
profitability, and the durability of supply re-
lationships. Cost structures such as set-up
and inspection costs should also drive dif-
ferences in organizational form. There
should be differences in the degree of ver-
tical integration into the production of com-
plex intermediate inputs across firms using
different procurement systems. And finally,
product variety should be greater under
Japanese-style procurement.

In this paper, we have not addressed cost
heterogeneity or endogenous process innova-
tion. Cost heterogeneity obviously can create
a significant incentive to use bidding to sort
across suppliers. Investigation of process in-
novation requires a separate analysis with at-
tention to the details of the mechanisms used
to adjust prices over time wed to an inventory-
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theoretic quality model of the type studied
here. Still, intuition suggests there might be
greater incentives for process innovation un-
der American-style procurement where the
winning bidder pockets the difference between
its cost and that of its closest rival, while under
Japanese procurement the buyer is likely to re-
ceive more of the incremental surplus from
cost reductions.
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The analysis here also focuses on the remedies
the buyer might undertake to assure quality and
ignores possible seller remedies. In many man-
ufacturing contexts it would be impractical for
the seller to offer warranties since defects could
injure the buyer’s reputation. Still, the use of
warranties and other mechanisms the seller
might use to assure quality remains an important
issue for future research.

APPENDIX

PROOF OF LEMMA 1:
Differentiating first with respect to « gives

m_ f+e(0)x = (1= 8)(f+ c(8)x)

Ki(x,a,0) =17

l-0-a1-81°

Differentiate the first term on the right with respect to x to establish

o (_m \_
ox\1-6/

—hém
1-26)*

<0.

Now differentiate the second term on the right and rearrange to get

_ O ftec@®x—(1=8)(f+c@)x)
Ox [1--a)1-8)F

_ [ - -&)c@]l1 = —a)(1 = 8)] +h6{2(1 —a)(f+c(B)x) — [1 + (1 = a)(1 =) I(f+c(@)x) }
- [1-(-a)1-8T '

The first term in the numerator is evidently positive. Hence, the claim will follow if it can be shown that the expression

in braces is also positive. First, note that

2>[1+(1=-a)l-8)].

Finally (5) and (6) are equivalent to

(1-a)(f+c(@)x)=f +c(@x.

LEMMA 2: Let (xo, o) be either an extreme point of K(x, a, 0) or a potential solution to (3) in which one of the

constraints binds, then

lim hx, = 0.

h—=0

LEMMA 3: Let (xo, ao) be an extreme point of K(x, a, 9), then

lim h(x)* = ——
h~0

m
c(8)
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A
= Qp.

11 @ —c®) f
(AD H“""z(f (8 m)

PROOF OF PROPOSITION 1:
Recall that an extreme point (xo, &) is a saddlepoint of K(x, a, 8) if cross effects outweigh direct effects. To show
that this is true when & is sufficiently small, begin by writing

2(f + agm)

") + 27.(%0, @) [ (1 — @p)c(8) — c(8)]

Kx,x(xOs ag, 0) =

+ YVau(30, @) [ (1 = a0) (f + c(0)x0) — f — c()xo].

It is easy to check that the second two terms go to zero in the limit as . approaches zero by Lemma 2. The first term also
goes to zero because the denominator can be written as [/ (x)?]x,. The bracketed term goes to a constant [m/c(8)] in
the limit by Lemma 3, while x, itself goes to infinity. Next, compute

¢ gy — L2 + Bxol[2(0)5 + h(x0)*(e(8) = 20(8)) — hof 21 ]
a.a(an Qo, - [2 + hxo(zao_ 1)]1 .
Applying Lemma 2 and then Lemma 3 yields

lim K, (%o, @, §) = lim 2¢(8)h(x)? = 2m.
h—0 h—0

Finally,

K~x.a(x03 Qo 0) =- - ‘Y(xO’ Qo, 0)0(0) - ‘)’x(xo, Qo 0)(f+ c(o)xo)'

_m_
h(x0)?
Again applying Lemmas 2 and 3 yields

lim K, o( X0, @, 6) = —2¢(8).
h=0

Hence,

lim Kx,x(xOs Q, e)Iea,a(x()& Q, 0) - (K~x,a(x0$ Qp, 0) )2 =0m-— 4( C(e))2 < Oa
h—0

which establishes the claim.

PROOF OF PROPOSITION 2:
The first best is achieved under the American system when m = 0. Hence, set m = 0 and a = a(x, 6) in (7), and
solve for the cost-minimizing lot size.

PROOF OF PROPOSITION 3:
Applying Proposition 1, the cost-minimizing lot sizes under the Japanese and American systems are implicitly defined

by

_ 2qf
B e® + 2(e(8) - c(0) (G, 0) + .G, 0x) ]

(A2)

and
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(A3) = \/ 2(f+aGn,Om)

rlc(8) + 2¢(xa)@(xa, §)m]
Because

2+ hxy

'y(xl90)_2_hxj>0

and
4h
7x(x19 0) = (_ZTJ)Z > O,

it follows from direct inspection of (10) and (A2) that x; < xz. Next substitute « = a(x, ) into (7) and differentiate
with respect to x to get

R.(xa, @(xa, 8), 8) = @' (x2) (f + @(xa, 0)m) + (c(8)/2) + Pp(x2) & (x4, 8)m = 0.

From this it is evident that x, > xp if, and only if, m > 0 and

O _ K, m(Xa, @(xa, 0), 6) -
om - If,,‘(xA, a(xA9 0)5 0) '

Note that
lim K, (x, &(x, 8), §) = —o
x—=0

and

lim K, (x, @(x, 8), 8) = c(6)/2.

x—o0

Together, these imply )& <(xa, &(xa, 0), 8) > 0. Hence, it must be shown that when # is sufficiently small K, .(xa,
a@(xa, 0), ) < 0. This, however, is equivalent to

&' (xa)a(xa, 0) + dp(xa)a.(xa, ) <O,

and some straightforward algebra shows this to be equivalent to 2 < 2(c(8)/f).

PROOF OF PROPOSITION 5:
The same methods of proof as in Lemmas 2 and 3 can be used to establish

. I Y
(A4) 1‘1‘3@"" 3¢(0) - 2¢(9)

and

(A5) lim Vhx, =

h>0

‘/2[f+ (1= c(@)/c(8))m]
c(8)
Now, note that
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K~(xh 0’ 0) < K~(xA’ &(xA’ o)o 0)

if, and only if,

o) f + (c(8)x/2) + (c(8) = c(8) )y(xs, 0)x,]

< V[ B(x) (f + @(xa, O)m) + (c(8)xaI2)].

Expressions (A4) and (AS) indicate that this is true in the limit as 4 approaches zero if, and only if,

VF (Be(8) — 2¢(8)) <Vfe(8) + m(c(8) — c(8)).

This, in turn, is equivalent to

2f (c(8) — c(8)) <m(c(8) — c(8)),

from which the result follows directly.
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