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NEGOTIATION OF INVESTMENT SHARESIN
INTERORGANIZATIONAL SUPPLY CHAINS:
A GAME-THEORETIC APPROACH

Franz Schober
University of Freiburg
Freiburg, Germany
franz.schober @vwl.uni-freiburg.de

Abstract

Inthispaper, we analyze negotiations of investment sharesin interorganizational supply chains. To formulate
the research issue more precisely, we devel op a taxonomy of enter prise networks in general. We propose an
investment sharing model that makes use of Shapley values as indicators of relative negotiation power in a
network. It turnsout that a focal buyer (supplier) in a supply chain can reduce investment shares and by that
increase profitsfromthe network if the number of non-focal suppliers (buyers) increases. However, this effect
is connected with distortions of investment incentives and makes investment decisions difficult to implement.
In the presence of additional coordination coststo support a certain supplier (buyer) base, an optimal number
of suppliers(buyers) exists. Asalargepart of investmentsfor interorganizational supply chainsoften concerns
information and communication systems and technologies, theseresultsare particularly important in thefield
of information management.

Keywords:. Investment sharing, interorganizational network, supply chain, cooperative gametheory, Shapley
values

I ntroduction

Oneof theimportant investment decisionsin supply chainsconcernsinterorgani zational i nformati on and communi cation systems.
In the presence of power differences between the participantsin the chain, the question arises: Who paysfor theinstallation and
operation of these systems—suppliers, buyers, or both, and if both, in what proportions? The solution to this question is of
theoretical aswell as of practical interest, because it has an impact on investment incentives of the partnersin the supply chain
and on the stability of the cooperation.

Today, with the advent of open, Internet-based technologies, proprietary information systemsin supply chainsincreasingly are
being replaced by standardized systemswith easy connectivity for suppliersand buyers. Ontheonehand, standardized web-based
systems are less costly to develop, install, and operate; on the other hand they become a common resource to everyone and no
longer constitute a significant competitive advantage. Tightly coupled and highly integrated investment strategies into
interorgani zational information systems, aswe could observein the past, and still can observein strategically important situations
today, are expected to play a lesser role in the future. As a conseguence, contributions of the network members to these
investmentsarenolonger planned long beforehand but negotiated onthespot. Withinthenegotiation process, relative negotiation
power plays an important role. Because of lower network integration, one can expect that supply chains involve an increasing
number of partners, as can be observed in the automobile industry with the introduction of global sourcing and web-based
procurement platforms. Hence, the question arises: How isinvestment sharing influenced by the size of the supply chain?

We propose a model for negotiating investment shares in interorganizational supply chains. It is based on cooperative game
theory with transferable utilities and specifically on the application of Shapley values as measures of negotiation power. Of
course, negotiation of investment shares is not limited to interorganizational information systems but applies to any kind of
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interorganizational resource. Therefore, we will treat the case generaly, but with information systems as a major inter-
organizational resource in mind. In the next section, we state our research objective and methodology more precisely. A
negotiation model for general network structuresis then developed and applied to supply chains and with a numerical example
presented. The findings from the model analysis are further discussed. The paper concludes with a brief summary and the
identification of areasfor future research. The results presented in this paper extend previous work (Schober 1999; Schober and
Raupp 2003) to negotiation of investment shares in more general networks with emphasis on two-level supply chains with one
buyer (or supplier) and several suppliers (or buyers).

Problem Statement and Research M ethodology

The term interorganizational network refers to a coordination mechanism that is located between coordination by markets and
by hierarchies (Williamson 1991). A single firm may be a member of several interorganizational networks depending on the
specific task of each network. Interorganizational supply chainsare aspecial subclass of these networks. To characterize supply
chains more precisely, the following taxonomy for general networks is proposed:

Network topology: Interorganizational networks are either symmetric, asymmetric or mixed. In symmetric networksall network
members are mutually interconnected. Interfirm alliances in research and development or standardization committees are
examples for symmetric networks. In asymmetric networks, one focal member exists who cooperates with al other non-focal
members, whereas the non-focal members do not maintain direct relationships between themselves. A two-level supply chain,
where several suppliers cooperate with one buyer, isan example for an asymmetric network. Mixed network topologiesinvolve
more than one focal member and several non-focal members. They arelocated between the two extreme topologies. Examples
for mixed topol ogies include consulting networks with some consultants acting as gatekeepers into the network or supply chains
with more than one focal member.

Network size: Interorganizational networksareeither quitesmall or they arelarge. Interfirmalliancesor supply chainsare mostly
small. Professional societies are examples of large networks. The network size can also be fixed, for instance in a network of
actorsin atheater production, where the network size depends on the number of rolesin the play.

Network value: Thetotal value of anetwork can either be fixed or variable. For agiven product or part, such astires purchased
by an automobile manufacturer, the total periodical contract volume is fixed and results from a given forecast for car sales. In
a consulting network, the value may be variable depending on the size and the expertise of the network members.

Network strategy: A network strategy can either be highly integrated or loosely coupled. Inthefollowing werefer to astrategic
network if itsstrategy ishighly integrated, otherwiseto anonstrategic network. A strategic network involves productsor services
that are of essential strategic importance to all network members. 1n the automobile industry, fuel injection pumps or complex
electronic devices are typical examples of products that are strategically important for the automobile manufacturer as well as
for the respective suppliers. Strategic networks rely on common strategies at the network level and particularly in the case of
supply chainson highly integrated i nterorgani zational businessprocessesincluding specialized and often proprietary information
systems. Strategic networksare primarily long-term oriented. Trust between network members plays an important role. A non-
strategic network involves products or servicesthat are of no essential strategicimportanceto some of the network members such
asgenera purchase goods. Nonstrategic networks are usually not based on jointly formul ated strategies on the network level nor
dothey empl oy integrated business processes, but connect individual processesand information systemsviaopen and standardized
interfaces, such as general purchase platforms and product catalogs. Nonstrategic networks are often more short-term oriented.
A typical characteristic of nonstrategic networks is that the financial contribution to common resources, for instance to system
interfaces, is negotiated between the network members rather than jointly agreed beforehand in the form of long-term strategies
and contracts.

This network taxonomy is certainly far from complete. For instance, it does not cover differences in the legal form of the
cooperation. However, it serves well for the characterization of the type of supply chain we are considering in this paper. We
concentrate on asymmetric and nonstrategic networ ks with small size and fixed network value. Thetypical examplethat we use
for the remainder of the paper isabuyer, who employsone or more suppliersfor afixed total volume contract of general purchase
goods. Thekey issueof our analysisishow investmentsinto common, network-specific resourcesare shared between all network
members. Connected with thisissueis the question of how many suppliers should be contracted by the buyer.

Negotiation processesin interorganizational networksare part of anetwork’ sstrategy. A rich body of research exists on network
strategy in general (e.g., Astley 1984; Astley and Fombrun 1983; Bresser 1988; Bresser and Harl 1986; Carney 1987; Oliver
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1988). Oneimportant part of network strategy concerns financing of shared resources. Thisissueis strongly influenced by the
distribution of negotiation power in anetwork (Adler 2001; Carney 1998; Contractor and Lorange 1988). Resource sharing in
interorganizational supply chainswith particular emphasis on the resource “information” has found much attention in the recent
literature (e.g., Cachon and Fisher 2000; Leeet al. 2000; Lee and Whang 2000; Li 2002; Samaddar and Kadiyala2004). A major
part of thework on negotiation in supply chainsis based on noncooperative game theory, often on sequential gameswith leaders
and followers in the negotiation process. For example, Li (2002) and Samaddar and Kadiyala (2004) have modeled the
information sharing problem asa Stackel berg gamewith afocal manufacturer astheleader and retailersasfollowers. Cooperative
game theory and particularly the Shapley value approach have been applied far less to negotiation problems in supply chains
(Cachon and Netessine 2004). Unlike competitive games, cooperative gamesconcentratelesson specific decisionsof the network
members and more on sharing the outcome of a network between its members as a function of relative bargaining power. One
major root of cooperative game theory goes back to the Nash bargaining problem (Nash 1950). The concept of Shapley values
is an extension of Nash's two-persons game to n persons (Shapley 1953). Shapley values have since then been interpreted as
measures of bargaining power in networks (Aumann and Dreze 1974; Aumann and Myerson 1988; Harsanyi 1963; Myerson
1977).

We propose a static negotiation model based on Shapley values. The attractivefeature of the Shapley values approach isthat the
results of the negotiation process do not depend on the absol ute profits of each network member, but only on the differences to
the best options outside of the network. This property isappealing both from atheoretical and apractical point of view, because
the precise sources of profits for each network member areirrelevant for the negotiation results. Since we have the analysis of
major one-time investment decisions in mind, rather than more continuous decisions (e.g., on inventory levels), a static model
seems appropriate.

A Mode for Negotiating Investment Sharesin Interorganizational Networks

Under rational behavior it can be assumed that each member of an interorganizational network entering the network remainsin
the network if it expectsahigher profit than it would achievein another arrangement employing the same resources (second best
option). The expected profit from the second best option, therefore, defines the “exit option” of each network member. The
individual difference between the expected profit from the network participation and the exit option is a measure of bargaining
power of a network member. The smaller this difference, the larger the potential threat that the network member might exit.
These differences play amajor rolein the classical Nash bargaining problem and also for Shapley values. The basic concept of
Shapley valuesisillustrated in Figure 1. Assumethat abuyer (n = 1) cooperates with two suppliers (n=2, 3). Thebuyer expects
aprofit of B, = 100 from participating in the network. Theexit optionisQ, = 80 (the buyer, for instance, can threaten to produce
the supply internally via backward integration). The corresponding profit values for the two suppliersare B, = 50, Q, = 40, B,
=50, and Q, = 40.

Let C,(H) =V(H) -V (H-{n}) denote the contribution of network member nto thetotal value of asub-coalition H of the network,
whereby V(H) isthe value of sub-coalition H including member nand V (H-{ n}) isthe value excluding member n. The Shapley
valueB,* is defined asthe average contribution of member n taking all possible sub-coalitionsH into account where nismember
of H. Thesesub-coalitionscan beenumerated by considering all permutationsof sequential network build-up (seethefirst column
in Figure 1). For instance, in the permutation 3 — 1 — 2, first member 3 enters the network forming the trivial sub-coalition H =
{3}, then member 1 entersforming H ={3,1} and finally member 2 enters forming the full network H = {3,1,2}. Columns2 to
4 in Figure 1 contain the corresponding contributions C(H). Thelast row contains the Shapley Values B,* asthe average over
all coalitions where nis member (i.e., the average over all rows above). They express the average contribution of each network
member to the total network value. If we interpret the sequence of “entering” a sub-coalition as the sequence of taking up
negotiationsfor profit sharing, then the Shapley val ues constitute ameasure of relative negotiation power. Shapley valueshigher
than the original profit expectations, in our case for member 1, indicate a strong power position while Shapley values less than
the original profit expectations, for members 2 and 3, indicate weak power positions. Member 1 could collect “side payments’
in the size of the power difference of 3.33 profit units from members 2 and 3, each paying 1.67 profit unitsto member 1. After
negotiation, the profits of members 2 and 3, B,* = B;* = 48.33, are till above their exit options Q, = Q, = 40, hence members
2 and 3 dtill profit from the network participation. The reason why suppliers 2 and 3 possess less bargaining power isthat within
sub-coalitionsH = {2,3} and H = { 3,2} both members cannot negotiate because they can cooperate only with the buyer n = 1.
The Shapley values constitute aredistribution of theindividual profit expectations, that is, the sum of al profitsbefore negotiation
(ex ante profits) equals the sum of all profits after negotiation (ex post profits). Under the conditions of symmetry (all permuta-
tionshavethe sameprobability), linearity (valuesof different coalitionscan beadded) and carrier (inessential playersarerewarded
by their exit option), which hold in our case, the Shapley values exist and are unique (Myerson 1991, p. 436, Shapley 1953).
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m B,, = expected profit of partner n from participation in the network
: Qn, = expected profit of partner n from deploying the same resources
v within the second best option (“exit option”)

@ n=2
g (100N N4/
\&/ % L

C.(H) = V(H) - V(H-{n}) = contribution of partner n to the value V(H) of a coalition H that includes n

Negotiation C,(H) C,(H) C,(H)

sequence (H)

1-2-3 Q,=80 B,+B,-Q,=70 B,+B,+B,-B,-B,=50
1-3-2 Q,=80 B,+B;+B,-B,-B4=50 B,+B;-Q,=70
2-1-3 B,+B,;-Q,=110 Q,=40 B,+B,+B;-B,-B,=50
2-3-1 B,*+B;+B-Q,-Q;=120 Q,=40 Q,+Q4-Q,=40
3-1-2 B,+B,-Q,=110 B,+B,+B,-B;-B,=50 Q,=40

3-2-1 B,+B,+B-Q5-Q,=120 Q;+Q,-Q;=40 Q,=40

Average 103.33 48.33 48.33

= Shapley value B, *

Figure 1. Shapley Valuesasa M easur e of Negotiation Power

Next we extend the example to more general network topologies and to more flexible profit functions. We also provide aclosed
formulation for the Shapl ey values, so that enumeration asin the example aboveisno longer required. Furthermore, weintroduce
investments into joint network resources. Let us assume that the expected profit B, (X) of network member n, after a joint
investment of size X and an individua investment share w,(X), is given by

Bn(X) = Rn(x) + Sh Bn(x) _Wn(x) X (1)

foraln=1,2,..,N
R,(X) expresses the profit portion that is independent of the network’s topology. The term s, B,(X) measures the profit
contribution that depends on the network’ stopology. Thefactor s, denotesthe number of partnerswith whom member n employs
direct economic links and B,, denotes the profit contribution per link; for example, for the network in Figure 2 with mixed
topology, 5,=2,5,=3,5,=2,5,= 3and s, = 2. The parameters 3,,(X) can be either positive or negative, expressing positive or

negative network externalities.

If the exit option of network member nis denoted by Q,(X) then the Shapley values B, (X)* corresponding with profits (1) are
calculated in the following closed form:

Bo(X)* = By(X) — [ (U(5:+1)) (Ry(X) =w,(X) X = Qy(X)) ] + [ Zpy (U(S; (S471))) (R(X)

—Wi(X) X = Qn(X)) ] =[ 0.5 (s, Bo(X) — (Z Br(X))) ]

foraln=1,2 .,N

@)

Thereby the summation X, in the second and the third [ ]-term is applied over all network members m that maintain direct
economic links with member n, for instance me{ 2,3} for member n=1or me {2,3,5} for member n=4inFigure2. Notealso
that the exit optionsgenerally depend ontheinvestment level X (e.g., if additional switching costsareincurred by theinvestment).
Equation (2) is a straightforward extension of the results given by Schober and Raupp (2003, p. 30 and 65 for the proof) for the
case of constant B, = .
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Figure 2. Network with Mixed Topology Figure 3. Two-Level Supply Chain

We observe from equation (2) that member n loses 1/(s,+1) of its own threat potential R,(X) —w,(X) X — Q,(X) within the
negotiation process (first [ ]-term in (2)) and gains 1/(s,, (s,+1)) of the threat potential R,,(X) — w,,(X) X — Q,(X) of each
neighboring member m (second [ ]-termin (2)). In addition, member nloses half of its own structure-dependent profitsand gains
half of the corresponding profits of itsdirect neighbors (third [ ]-termin (2)). Concerning negotiation power, it is advantageous
for member n to possess many neighbors (large s,) while each neighbor maintains only few linksto its neighbors (small s,)). The
extreme case of negotiation power imbalance from a structural point of view is the asymmetric two-level supply chain where s,
=N —1 for the focal member (e.g., buyer) and s,, = 1 for each non-focal member m # 1 (e.g., supplier; see Figure 3). In such
supply chains, the negotiation power of buyer 1 increases with the number of suppliers, aswill be explored in more detail in the
next chapter. On the other hand, in symmetric networks, where all network members mutually cooperate, negotiation power
imbal ances diminish withincreasing number of network participants (Schober and Raupp 2003, p. 32). Hence, different network
topologies exhibit quite different patterns of power distribution.

In order to cal culate the investment shares, we use the Shapley values (2) asindicatorsfor relative negotiation power. We choose
investment shares w,(X) in such away that the differences between B,(X) in (1) and the corresponding Shapley values B, (X)*
in (2) become as small as possible, under the additional constraints that w,(X) > 0 and X, w,(X) = 1. Hence, we solve the
following quadratic optimization problem for the decision variables w,(X), w,(X), ..., Wy(X):

Minimize X, { B,(X) —B,(X)* }? 3

subject to w,(X) > 0; Z, w,(X) = 1; B(X) > Q,(X) fordln=1,2,.,N
Note that the negotiation model (3) uses the Shapley values only for the calculation of the investment shares and restricts side
payments to these shares (unlike in the example of Figure 1, (3) does not necessarily consider full side payments). Substituting
(2) into (3), the optimization problem (3) becomes equivaent to
Minimize X, { [ (1/(s;+1)) (R(X) =W (X) X = Q,(X)) ] —[ Zp, (U(Sn (Sn+1))) (Ru(X) —

Wi(X) X = Qn(X)) 1+ [ 0.5 (s, Bo(X) — (X Bu(X))) 1 }2

©)
subject to w,(X) > 0; Z, w,(X) = 1; B,(X) > Q.(X) foradln=1,2 .,N
The objectivefunctionin (4) isconvex, because the part of the objective function that relatesto the quadratic formsinw,(X) (i.e.,

= {2, (U(s, (5,+D)) W (X) X = (U/(s5,+1)) w,(X) X }?), is always nonnegative. Therefore, a unique minimum exists.
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Application of the Negotiation Model to Supply Chains

We now consider atwo-level supply chain with onebuyer and N - 1 suppliers (of course, the results apply equally to the reverse
case of one supplier and several buyers). This meansthat wehavetosetin(4)s=N-1ands,=1forn=2,3,...,N,ifn=1
denotes the buyer. In afirst step, we assume that the buyer makes decisions on the total purchase volume, on the number of
suppliers, and on the split of the purchase volume between the various suppliers. Inasecond step, the decisionson theinvestment
level X and on the shares w,(X) are made. For any given X, the shares are calculated by using optimization model (4). Step 1
is an important assumption because otherwise suppliers could improve their profits by building smaller sub-coalitions with the
buyer and by sharing the total purchase volume within these sub-coalitions. Inthiscase, the profit allocationsfor the full supply
chain are no longer in the core of the game and the Shapley value approach is not meaningful. We explicitly specify theimpact
of thejoint investment X on R,(X) in (4) by the function

R.(X) =1, (1 + o In(1+cX)) (5)
foraln=1,2,.,N

with r; = 100, r, = 100/(N-1) for n> 1, 0. = 0.135 and ¢ = 0.5. The parameter r,, measures the base profit expectation of each
network member before investment, oo and ¢ the profit increase due to investment X. Hence, we assume that the total network
value before investment adds up to 200 monetary units and is equally split between the buyer (100) and all suppliers (100), that
is, we consider asupply chain with fixed total network value. Note, however, that it is not essential whether the network value
comprises one or several purchase products, as long as the total value isfixed. Next we assume that the exit options are given
by constant values Q,(X) = 80 and Q,(X) = 80/(N-1), neglecting a potential impact of investment X on switching costs.
Furthermore, we set 3,(X) = 0 for al network members n and all investment levels X. Note that this assumption is not very
restrictive, because setting B,(X) = B(X), which implies the same network externalities for all members n, would yield the same
results as the B-terms and, in this case, cancel out in (2) and (4). Later in the paper we will deviate from this assumption and
introduce coordination costs for the buyer 3,(X) < 0. Asa consequence of the parameter settings, if the buyer collaborates with
only one supplier, both parties expect the same profits and have the same exit options so that the Shapley values areidentical and
indicate equal negotiation power. Hence, from (4) it follows that investments are equally shared for al levels of X (i.e., w,(X)
=w,(X) =0.5). Wehave chosen thisequal starting position on purposein order to concentrate solely on theimpact of the number
of suppliers on investment sharing and to isolate this impact from the other model parameters.

The profit function R,(X) fulfills the condition of decreasing marginal returns (i.e., dR,(X)/dX > 0 and d’R(X)/dX? < 0). Having
investmentsinto interorganizational information systems specifically in mind, we assume that potential system applications can
be ordered by productivity impact and that most productive applications are implemented first, leading to decreasing marginal
returns from the investment. One could argue that in special cases the profit function should be S-shaped because a substantial
information base is needed before the system becomes productive. However, this assumption does not change the essential
conclusions from the model. The value for the total supply chainisV(X) = £, R,(X) — X. Setting the first derivative of V(X)
equal to zero, wefind that the optimal investment level for thetotal supply chainisgivenby X® =, (Z,r,) — /o = 25, yielding
atotal network value after investment of V(25) = 245 (see Figure 4). V(x) declines beyond thisinvestment level and for large
X > 108 becomes even lessthan the network value V (0) = 200 before investment. The optimal investment level and the resulting
optimal total network value are obviously independent of the number of suppliersinvolved.

Now we turn to the computation of theindividual investment sharesfor more than one supplier by applying the negotiation model
(4). Tosolve (4), we used the optimization system LINGO (LINGO 2003). Figure 5 exhibitsthe investment shares allocated to
the buyer depending on the number of suppliersinvolved. With only one supplier, the share is 50 percent, as shown earlier.
However, by collaborating with two suppliersinstead of onefor the samefixed contract volume, theinvestment share of the buyer
decreases substantially. For small investment levelslessthan X = 20 it is zero. This effect becomes even more pronounced if
the supplier base increases further. With 10 suppliers, the buyer does not carry any investment share below an investment level
of about X = 50.

What istheimpact of thisinvestment sharing pattern on the buyer’ sand the suppliers’ profits? Theleft part of Figure 6 contains
the results for the buyer. Due to the declining investment shares, the buyer’s profit increases with the number of suppliers
involved. Also, the optimal investment level from the buyer’s point of view shiftsto the right, for instance, with 5 suppliersto
about X =40 and with 10 suppliers to about X = 50, as compared to X = 25 for the network asawhole. Vice versathe profit
left for all suppliersdeclineswith anincreasing number of suppliers(seetheright-hand part of Figure6). Accordingly, theirjoint
(and individual) optimal investment level declinesto about X = 10. For higher investment levels, the profit impact is negative,
compared to the profit line of 100 without investments.
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Figure4. Total Network Value

Figure5. Investment Shares of the Buyer
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Figure 6. Profit of the Buyer

(Left) and All Suppliers (Right)

Obviously, we observe a conflict concerning optimal
investment levels. While the buyer’s investment propensity
increases with a growing number of suppliers, the reverse
happens to the suppliers. A joint negotiation result at the
optimal investment level of X = 25 for the network as a
wholebecomesquiteunlikely. Asaconseguence, the network
becomes unstable with respect to joint investment decisions.

In our scenarios so far, the buyer can increase profits by
increasing the supplier base. But one can argue that a buyer
has to carry higher coordination costs along with a larger
supplier base. To evauate this effect within our numerical
example, we set §,(X) =—3for al levelsof X. Thisimplies
that the buyer has to carry coordination costs of three
monetary unitsfor each supplier added to the network. Figure
7 exhibitsthemodel results. We now seethat adding suppliers
doesnolonger increasestheprofitsof the buyer automatically.
Instead, we get an optimal number of four suppliers.

Profit of the buyer R, (X) + B4(X) s, - wy(X) X
Optimal no of suppliers=4

7777 Noof
suppliers

34
1o

100
80
60 T T T T T 1
0 20 40 60 80 100
Investment X

Figure7. Optimal Number of Suppliers
in the Presence of Coordination Costs
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Discussion

As aresult of the underlying asymmetric network topology, supply chains are particularly prone to imbalances of negotiation
power. Theseimbalances, if exercised, have a strong impact on investment sharing. The focal partner, in our casethe buyer, is
able to reduce its share by increasing the number of suppliers for a fixed purchase volume, at least to a certain point, until
coordination costs become too large for the buyer or the volume splits are no longer attractive for the suppliers. In practice,
negotiation power is most often imposed indirectly, for instance, if the buyer tries to make the suppliers mainly or solely
responsible for adding resources to the network. Such instances were reported for European networks (Bjgrn-Andersen and
Kremar 1995) and for Canadian networks (Bergeron and Raymond 1997). Other scholars have come to comparable conclusions
using either empirical investigations or theoretical concepts different from the one proposed here (e.g., Bakos and Treacy 1986;
Choudhury 1997; Helper 1991; lacovou et a. 1995; Johnston and Vitale 1988; Seidmann and Sundararajan 1998).

Our numerical exploration shows that adding suppliers goes along with increased distortion of investment incentives. Whilethe
buyer in asupply chain isinterested in high investment levelsto increase profit, the reverseis true for the suppliers. Inthe end,
it may become difficult to implement any investment strategy because of diverse interests. The failure of EDI can partly be
attributed to investment sharing problems (Hart and Saunders 1997; Rigginset al. 1994; Wang and Sei dmann 1995). Onthe other
hand, the non-focal partners can regain negotiation power if they cooperate and act opposite the focal partner as one entity.
Suppliers' cooperatives and common intermediaries are typical strategies of such power bundling.

Negotiation is only one specific rule for arriving at investment shares. In fact, other rules can be superior. Aswe have seenin
our numerical example, negotiation in general does not automatically lead to optimal investment levels for the total network
because of distortion of propensitiestoinvest. If optimal investment levels count, especially in strategic networkswith long-term
orientation and highly integrated business processes, other sharing rules may be more adequate. Optimal investment levels can
be ensured if each partner in the network collects the same marginal return from its investment share (Bakos and Brynjolfsson
1993, 1998; Schober 1999). Such optimal investment sharing rules have been advocated by various scholars (Clemons and Row
1993; Hart and Saunders 1997; Moore 1998; Ring and Van de Ven 1994). Another way of arriving at better sharing rules with
respect to total network value are voluntary constraints of negotiation power by the focal partner, for instance by reducing the
number of non-focal partnersin the network (Bakos and Brynjolfsson 1993; Clemonset a. 1993; Choudhury 1997; Helper 1991)
or by relying on joint ownership agreements (Bakos and Nault 1997). These rules are based on strong mutual trust as opposed
to negotiation practices (Bensaou 1997; Zaheer and VVenkatraman 1994). A focal partner can, of course, usedifferent sharing rules
at the sametime, depending on the strategic character of thevariousproductsand servicespurchased. Moreover, different cultures
may apply different rules, as has been reported from Japanese firms that rely much more on strategic network formations
(Ahmadjian and Lincoln 2001; Bensaou 1997; Bensaou and Venkatraman 1995; Helper and Sako 1995).

I nterorganizational information systemsareamajor source of joint investmentsin supply chains. Today, weobserveatrend away
from proprietary systems to open, standardized, and web-based systems. These systems are cheaper to procure, to install, and
to operate. Hence, investment intensities should play alesser role in the area of interorganizational information systems. The
impact of these investmentson profitability might diminish aswell. Whether thistrend makesthe problem of investment sharing
for information systems less important is an interesting open question. Y et, even with the declining strategic importance of
information systems, there are many other potentials for imposing negotiation power in supply chains, which were not explicitly
addressed in this paper, such as investments into inventory levels or enforcement of price reductions. Hence the problem of
investment, cost, and profit sharing staysalive, or even becomes more urgent with theincreasing presence of enterprise networks.

Conclusion

Inthispaper, we have analyzed the problem of investment sharing ininterorganizational supply chains. Basically we concentrated
on networks where investment shares are negotiated rather than defined by integrated network strategies (i.e., on nonstrategic
supply chains). It turned out that afocal partner in such a supply chain can profit from the asymmetric network topology and
reduce its own investment share by adding non-focal partners. In the presence of additional coordination costs, the success of
this strategy islimited and an optimal number of non-focal partnersexists. Inour analysis, we concentrated on two-level supply
chains. However, our methodology can be directly extended to n-level supply chains, with second-level suppliers and so on.
Interestingly, in such chains intermediate-level suppliers may gain bargaining power, according to our model, if they can pass
negotiation pressures to upstream membersin the chain. However, it isdoubtful that investment sharing is done simultaneously
in such complex chains. Here, sequential models seem more appropriate.

584 2005 — Twenty-Sixth International Conference on Information Systems



Schober/Investment Sharesin Supply Chains

Our results complement other theoretical and empirical work with similar findings. Much of the empirical work reflects on case
studies. More comprehensive field surveys are still missing. Ancther important research issue concerns the relative evolution
of strategic versus nonstrategic supply chains. Connected with this issue is the future architecture of interorganizationa
information systemsin supply chains(i.e., proprietary versus standardized and open systems). Finally, theendogenousformation
of supply chains in defense of negotiation power imbalances, for instance the endogenous formation of cooperatives or
intermediaries, constitutes atopic of interesting and important research into supply chains and enterprise networks in general.
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Appendix. List of Symbols Used in the Investment Sharing M odel

X = joint investment into a network resource

n = individual network member (n=1, 2, ..., N)

w,(X) = investment share of network member n

B,(X) = expected profit of network member n

R,(X) = part of B,(X) that isindependent of the network topology

B.(X) = part of B,(X) that is dependent on the network topology (profit per direct link)
S, = number of direct links of network member n with other network members
Q.(X) = best option of network member n outside of the network (second best option)
B, (X)* = Shapley vaue of network member n

r,o,c = parameters of the detailed specification of R,(X)
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