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Abstract

Negotiations between buyers and sellers (or supgplief goods and services have become
increasingly important due to the growing trend dosg international purchasing, outsourcing and
global supply networks together with the high uteaty associated with them. This paper examines
the effect of ambiguity aversion on price negotiasi using multiple-priors-based real options with
non-extreme outcomes. We study price negotiatidwden a buyer and seller in a dual contingent-
claims setting (call option holding buyer vs. pgtion holding seller) to derive optimal agreement
conditions under ambiguity with and without socr@twork effects. We find that while higher
ambiguity aversion raises the threshold for committhfor the seller, it has equivocal effects on the
buyer’s negotiation prospects in the absence ofiorét control. Conversely when network position
and relative bargaining power are accounted forfine the buyer’s implicit price (or negotiation
threshold) decreases (or increases) unequivocally imcreasing aversion to ambiguity. Extending
extant real options research on price negotiatiothé¢ case of ambiguity, this set of results presid
new insights into the role of ambiguity aversiord aretwork structures in buyer-seller relationships,
including how they influence the range of negobiatagreement between buyers and sellers. The
results also help assist managers in formulatimgisbbuying/selling strategies for bargaining under
uncertainty.By knowing their network positions and gatheringhkground information or inferring
the other party’s ambiguity tolerance beforehandyelbs and sellers can anticipate where the
negotiation is heading in terms of price negotiatiange and mutual agreement possibilities.

Keywords: buyer-seller relationships; real options; supplywreks; social networks; multiple-
priors; ambiguity
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Ambiguity Aversion in Buyer-Seller Relationships:
A Contingent-Claims and Social Network Explanation

Abstract

Negotiations between buyers and sellers (or sugpla goods and services have become increasimglgrtant due
to the growing trend towards international purchgsobutsourcing and global supply networks togettigr the high
uncertainty associated with them. This paper exasithe effect of ambiguity aversion on price negmns using
multiple-priors-based real options with non-extremucomes. We study price negotiation between &iagd seller
in a dual contingent-claims setting (call optioniditog buyer vs. put option holding seller) to derioptimal
agreement conditions under ambiguity with and witheocial network effects. We find that while higlznbiguity
aversion raises the threshold for commitment far $eller, it has equivocal effects on the buyeggatiation
prospects in the absence of network control. Caahgrwhen network position and relative bargainiogver are
accounted for, we find the buyer’s implicit priae fiegotiation threshold) decreases (or increasesjuivocally with
increasing aversion to ambiguity. Extending extaal options research on price negotiation to #s= ©f ambiguity,
this set of results provides new insights into tbke of ambiguity aversion and network structunesuyer-seller
relationships, including how they influence thegamf negotiation agreement between buyers anersellhe results
also help assist managers in formulating robusingdselling strategies for bargaining under undetyaBy knowing
their network positions and gathering backgrounidrimation or inferring the other party’s ambiguitylerance
beforehand, buyers and sellers can anticipate wheraegotiation is heading in terms of price niggioin range and
mutual agreement possibilities.

Keywords: buyer-seller relationships; real options; suppliwoeks; social networks; multiple-priors; ambiguity

1. Introduction

The relationships between buyers and sellers ofigaad services have come under increasing scrutiny
in the literature since the results and consequentenegotiations between them can be criticalhi® t
competitiveness and integrity of firms operatinghivi international networks. Examples of relevassiuies
that have been investigated include trust (Schaergteal., 2015; Hemmert et al., 2016), transactiosts
(Schneider et al., 2013; Abd Rahman et al., 2088)jics and social responsibility (Goebel et al.120
Govindan et al., 2016). In this paper we examireeliBhavioural issue @mbiguity, which is a concern
involving both sides during negotiations betweerydrs and sellers. As a type of uncertainty beyond
probabilistic risk, ambiguity characterises comnatrhand transactional situations where future oue
are not known with certainty or high confidencelgbérg, 1961; Ghosh and Ray, 1997). When faced with
ambiguity buyers and sellers are unsure about fueire prospects and are doubtful about the pribbab
of future events and their subsequent realisatidisplaying ambiguity aversion and pessimism (Hazen
al., 2012; Abdellaoui et al., 2015). This is moodrs negotiation cases where commitment is irrebbrsand
transactional arrangements are fraught with uniceytan both sides. The ambiguity aversion biagadth
party can distort pricing dynamics resulting in gptimal relationships between buyers and selleetwidrk
positions and relative bargaining power are alsp tkethese linkages. This paper studies the efbéct
ambiguity on price negotiations between buyers saiters, with and without network control, usinglre
options theory (Trigeorgis, 1996; Driouchi and Bettn2012; Charalambides and Koussis, 2017) andlsoc
network principles (Braun and Gautschi, 2006). Un @search we use the term “seller” becauseateslto

commercial transactions where price is one of trenntriteria used in negotiation. However, in the
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literature the terms “supplier” and “seller” ardesf used interchangeably within the same contekuging
products and services (Oosterhuis et al, 2013; Esimand Zeephongsekul, 2010)

Several recent papers have been devoted to thg sfuthe real option value of flexible decision
making in buyer-seller relationships, optimal canting and price negotiation (Li and Kouvelis, 1999
Kamrad and Siddique, 2004; Fotopoulos et al, 280&)n et al., 2011). Focusing on buyer-seller irtBos
and negotiation, Yao et al. (2010) and Jiang €R&al08, 2010) show how each party’s real optiorisrd@ne
contractual outsourcing arrangements under riskredseMoon et al. (2011) examine the impact of risk-
neutral optionality on negotiation performance. Moet al. (2011) in particular present a bilateral
negotiation model under risk-neutrality with optinslling (buying) rules. They propose the ideaaaf
implicit zone of possible agreement (IZOPA) andatibtnegotiation agreement probabilities using real
options (i.e. contingent-claims). They find thag thegotiation range and probability of agreemetwéen
buyers and sellers are narrower in the presenoptainality than in its absence. What is missiranfrthis
growing literature, however, is an explicit recagm of the role of individual behaviour or misdaktion
and network position in negotiation decisions aeshecially, how ambiguity affects option-based gric
negotiation and its investment outcomes. Giventlegbtiation exercises are often influenced by guity,
behavioural factors and social network effectss important to account for negotiators’ beliefslational
characteristics, psychology and uncertainty prefegs (e.g. pessimism) in the decision making psices

Our paper addresses this gap in research by igaéisty how negotiations between a buyer and seller
are affected by their ambiguity and social netwpdsition (our ‘Extensions and additional results’ i
Section 4 examines the case of multiple sellergedrch of the literature reveals that this isfits¢ paper
to integrate real options, ambiguity and socialmoeks principles in bilateral negotiation and bugeler
interaction. We contribute to extant literaturereal options in buyer-seller relationships (e.g.oda@t al.,
2011; Zheng and Negenborn, 2015) by providing ndeelision-making and production economics insights
into how ambiguity aversion and social network efealter the relationships among uncertainty, real
options and price negotiation outcomes. We alsotadauyer-seller literature concerned with behariou
ambiguity and information asymmetry (e.g. Esmaediad Zeephongsekul, 2010; Hazen et al., 2012;
Schoenherr et al., 2015; Hemmert et al., 2016) éyebbping new theoretical propositions for empirica
research. We analyse the effects of negotiatorbigunty aversion on their real options prospectshand
without network control, using a multiple-priors pected utility (MEU) with non-extreme outcomes
(hereafter called NMEU) in continuous-time. Adjastifor uncertainty aversion in probabilistic appedj
this utility specification is related to the maxna@rpected utility (MEU) covered in recent ambigthtysed
real options research, such as Nishimura and O24&K7), Trojanowska and Kort (2010), and Moreno
(2014). The MEU satisfies the dynamic consistenmystraint and can reflect both the present valuk an

option value effects dominating the timing of cortm@nt but its assumption of complete pessimism migh

! The research findings of Ghosh (1994) and Zwick aee (1999) go along these lines and suggesttth@nhance the
descriptive power of negotiation models, risk prefiees, information incompleteness and tolerancefigbiguity need to be
included in the analysis.
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be considered too extreme in a number of casesN®IEU framework is also indirectly linked to the-
maxmin expected utilityd -MEU) used to study infrastructure projects (Gad Bniouchi, 2013), corporate
investments (Schroder, 2011) and supplier contrgc{Gao, 2017). Ther -MEU utility is useful in
examining the impact of ambiguity attitudes on deri outcomes from the present value perspective bu
partly suffers from dynamic inconsistency and ca&sult in timing thresholds for either extremely

pessimistic or optimistic agentsx€ 0 or 1). This means that both the MEU amdMEU models are

concerned with extreme attitudes towards ambighity ignore situations, such as bargaining and price
negotiation, where unsure decision makers mighthgtve some confidence in their probability judgrse
(i.e. realization of their risk-based estimates)levicaring about the worst case scenario (i.e. aicey
aversion).

Motivated by the above decision making issues, el on the NMEU heuristic to solve the optimal
commitment and flexible timing problem for any lewsd ambiguity aversion while satisfying dynamic
consistency. Our NMEU utility evaluates and combirtbe worst case in negotiators’ minds with the
standard probabilistic case. Separating risk fromseuainty (Ellsberg, 1961; Abdellaoui et al., 2015
Agliardi et al., 2015), we present conditions fagotiation agreement under ambiguity and incorgorat
negotiators’ aversion to uncertainty and networgifpan in the real options analysis to show howyth#ect
investment outcomes and optimal agreefmante deliberately do not investigate or discussriie of risk
aversion in the real options dynamics since théisets have been well documented in the literafsee e.g.
Henderson and Hobson, 2002; Hugonnier and More2le@y).

We extend uncertainty-neutral findings from recgnties, in particular those of Nagarajan and Basso
(2008), Moon et al. (2011) and Zheng and Negeni@0i5), and the Nash bargaining model considering
social network effects by Braun and Gautschi (2Q06)he case of ambiguity aversion. We contribote t
extant literature on buyer-seller interaction (8@g:hescu and Fry, 2009; Birkeland and Tungoddé&i4?
by examining the link between ambiguity aversion anutual agreement while considering negotiators’
flexibility and discretion regarding optimal investnt choice and contract timing in the negotiaggarcise.
We find that in the absence of network effects, igonty and ambiguity aversion do not necessarilyeha
symmetric effects on negotiation outcomes underNMEU. This impact is reversed in the presence of
network control. Thus, we add realism and gengrald the analysis by explicitly allowing for
miscalibration in the uncertain negotiation andoarting for the structural positions of buyers aetlers in
the supply chain network, and show why standarkmeutral or normative contingent-claims assessment
might be incomplete for the appraisal of commitmsittiations where true uncertainty, cognition and
vagueness determine outcomes and heterogeneousdweha

In addition, many real options studies on inconglgtformation tend to assume that the partial

2n contrast to extant research on buyer-selletiogiships, we do not use “risk” and “uncertaintgtérchangeably in this paper.
By ambiguity we refer to uncertainty, beyond prabstic or measurable risk, as defined by Ellsbgrf§61) and as discussed in
Asano and Shibata (2011) and Nishimura and Oz&@{R Our paper is the first real option study éesider such dimension of
uncertainty, and aversion towards it, in B2B buselter interaction and price negotiation.
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information about the uncertainty variables is gathe symmetric (see also Grenadier, 2005; Nislahaard
Shibata, 2008; Shibata and Nishihara, 2011; Ferg.eR014; Grenadier et al., 2016). We consides th
information to remain private in our setting angida incentives and signalling mechanisms for thgeb
(seller) to elicit the true level of ambiguity asgm of his (or her) counterpart in the presencafofrmation
asymmetry. This is documented later in Section 4.3.

The paper is organized as follows. Section 2 ptesiwe real options negotiation problem. Sectidn 2.
introduces notation, assumptions and our multipierp utility specification. Section 2.2 producdset
policies for option exercise under ambiguity avemsiSection 2.3 identifies the negotiation’s implaone
of achievable agreement (IZOAA) or negotiation ®nsfudying its optimal conditions, and the effeafts
ambiguity aversion and probabilistic ambiguity twe threshold for negotiation. In Section 3, we ethe
Nash bargaining solution under ambiguity aversigncbnsidering real options, structural autonomy and
network positions in the price negotiation in thentext of a negatively connected network. Section 4
extends our analysis to account for outside opti@ng. exiting or opting out from the negotiation),
multilateral negotiation between one buyer (an m&$er) and multiple sellers, and mechanism desigh a
incentives under asymmetric information. The fisalction concludes with a summary of results and

implications. Proofs and additional results arenfibin the Appendix and Supplementary Material.

2. The negotiation problem under ambiguity

2.1. Problem description and assumptions

We consider a (bilateral) price negotiation settingvhich the decision to buy or sell goods within
global supply networks has a long-term impact, is@unk costs and is at least partly irreversiDige to
uncertainty, there is a noticeable option valudalaying commitment and keeping options open (brigis,
1996; Roemer, 2004; Driouchi et al., 2010). Our eiad based upon the 1ZOPANnder risk-neutrality of
Moon et al. (2011) and Jiang et al. (2008). We rektiese authors’ findings to the case of ambigusing a
multiple-priors expected utility with non-extrematoomes (e.g. Chateauneuf et al., 2007). This amtigig
based utility specification is equivalent to a weayl average between a risk-neutral utility andntir@mal
outcome of a multiple-priors utility (i.e. worstsEscenario) (see e.g. Chateauneuf et al., 200i8eEa and
Rustem, 2012). This subjective utility should bereneflective of cognitive or behavioural biasefeeting
buyer-seller assessments than those of rationainoertainty-neutral counterparts. In the bilatgrate
negotiation, the seller (calleshe) is uncertain about the costs of producing a cergaiod to be sold at a
price X to a buyer (calledhe) who is uncertain about the future revenues gergbiayeinvesting inX. A
typical representation/illustration of this sitwatiwould be the case of two supply chain actortigiing
over the price and potential distribution of a sfiegood or service. Revenues and costs are dlffio

predict and follow lognormal diffusions with ambaus drifts but unambiguous volatilities. Despiteith

® Their notion of the IZOPA is based on the conceitsegotiation range and contract zone in econsrféay. Fundenberg and
Tirole, 1983).
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ambiguity, both agents have some confidence im fitrebability judgments. Although interacting, pastdo

not have private information about counterpartiggertain quantities. The case of slotting allovesfees

or new product introductions in retailing closelhatches this price negotiation model. The buyer. (e.g

retailer or wholesaler) holds a call option to exateX for S, payingX in exchange for future revenué&s.

The seller (e.g. manufacturer) holds a put optipexchange operating cosss for product/contract prick.

The put (call) option is in the money wheh>S (S, > X). Buyers and sellers negotiate based on their

individual attitudes towards ambiguity and theints®ent (ambiguity aversion or pessimism) regarding

future fluctuations of their stochastic variablas.(revenues for the buyer and costs for the rselle

respectively). Section 3 adds a social network dsian to this problem. For the remainder of thegpapa

seller’s (buyer’s) ambiguity aversion will refer situations where the seller (buyer) is pessimiabout

their operating costs (revenues).

Table 1. Variable definitions

Notation Definition
[ i = 1and 2 denote the seller and buyer.
X Negotiation price that connects the buyer andiselle
X X" X, (X,) are the seller’s (buyer’s) implicit reservationcps. X is the implicit reservation price
o with network control for each party.
S S and S, are the seller’s costsd buyer’s revenues.
H .0 4 and o, are the growth rate and volatility & . g, >0.
K is the probabilistic ambiguity surrounding theftiérm of S, A; = 0. Whenk, =0, the
K
corresponding geometric Brownian motion$®ft) is denoted by&/‘(t).
P, and p, reflect the degrees of ambiguity aversion regaydigller's expected cosf§ and buyer’s
Pi
expected revenueS, , respectively.,o, 0[0,1].
W () The NMEU of S(t) under ambiguity.
A; is the NMEU-based ambiguity multiplier. It conte&, at timet and the subjective expected
A
valueW/ (t) , wherei =1, 2.
r I is the discount rate.
£ The correlation coefficient betweetB, (t)* and dB, (t)® .
{” (yy) is | 's relative negotiation power with respect join a negatively (positively) connected
5” andy; | network. We use/ to denote each seller’s relative negotiation povieé-vis the buyer in a positively

connected network in Section 4.2.

X, X; and X;“are the decision variables. Other variables irtabé are exogenous and assumed to be
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constant. The following assumptions are adopted.
Assumption 1.The buyer’s demand is assumed to be fixed and al@ed to 1.

Assumption 2.1.In line with standard real options literature (Nérald et al., 2005; Wu and Liou,
2011; De Waegenaere and Wielhouwer, 2011), costsemenues follow two separate lognormal diffusions
Due to negotiators’ lack of confidence in their lpability estimates we consider parametric uncetyaim
the drifts of the Brownian motions. This type ofjuaness or probabilistic ambiguity determines évell of

ambiguity aversion of each negotiating party.

Assumption 2.2. The seller's cost§ §) and buyer’s revenuesS,) follow ambiguous Brownian

motions B,(t) and B,(t) , which are defined on a probability spa(@, ¥, P). (ﬁ) is a standard

Ost<T

filtration for B,(t) and B,(t) . Ambiguity in the seller’s costsY) and buyer’s revenuesy() is modelled by
the set of priors?={Q* ‘q = (q( )T Q} . Q" is derived from the reference probability measQreising

the density generatd (see definitions in Chen and Epstein, 2002; Nishamnand Ozaki, 2007; Riedel,
2009). 04 UG, are restricted to the non-stochastic ramge-[-«;, «], Wherex («; =0) stands for the
probabilistic ambiguity surrounding the drift terrasthe geometric Brownian motions used to model th

seller’s costs and buyer’s revendd=or anyq T Q, the Ito processes & and S, to the general setR and

P, yield under ambiguity:

dS(t) = (M- siq)S(t)dt + s;S(t)dB (t)° ("t 0,"q1 Q;,i= 1,2 (1)

wherem- s;q is the expected growth rate 8f and g, its volatility. Parameterg{ and g, are assumed to

be constantg, >0. The drift term is affected by the ambiguity paedenq, i =1,2. We assume the
correlation coefficient betweedB (t)* and dB,(t)* to bee. Let S(r) denote the geometric Brownian

motion under the benchmark probability measQre The expectation og‘(t) under risk-neutrality reflects

the case of non-extreme outcomes for the uncedgision maker.

Assumption 3.In their appraisal of economic prospects, the bayet seller account for both the risk-
neutral reward and the minimal/pessimistic outcarh@ multiple-priors utility (i.e. combination ofsk-
neutral and worst case scenarios). Our NMEU spatiin combines the worst case in negotiators’ siind
with the risk-neutral outcome, thus adjusting focertainty aversion in probabilistic appraisal.

Assumption 3.1.For the seller, we usp, with 0< p, <1 to denote her degree of ambiguity aversion
or worst case appraisal regarding future operatoggs. In line with extant real options and optistalpping

research, time horizoh is assumed tapproach infinity. The NMEU value d§(t) with respect taQ* can

* In practical terms, this implies that the exateseof return on buyers’ and sellers’ commitmena teertain price or contractual
arrangement are unknown to each party.
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be expressed as
W =p sup EF TS eF dr|R |+ o[ SieF VR

G -1k (2)
=AS(t)

P +1_,01
MrM=th—0K I —[h

time t and the subjective valueN(t) , AUOR . r is the discount rate, /i +Kk,0, <r

where A = , K, 20, A, is the NMEU-based ambiguity multiplier which cooteS, at

EU:O S(r)e‘r(r‘t)dr|ﬁ} corresponds to the risk-neutral expectationSdf) . When p, =1, the NMEU

value coincides with the maxmin heuristic of Gillaval Schmeidler (1989) or the case of pure pessirars
extreme ambiguity aversion.

Assumption 3.2.For the buyer, we ug® ( o, D[O, ]]) to denote his degree of ambiguity aversion about

future revenues which reflects the weight attridute the worst case for investment. Consequenttieun

k,-ignorance, the NMEU value @&,(t) can be written as:

WO =p:, inf E| ["S(0e " dr|R |+W-pIE| [ Sdne" ar ||
=A5:(t)
where A, is the NMEU-based ambiguity multiplier o§,(t) incorporating buyer’s attitude towards

3)

P2 +1_,02
M =htOK, I—U;

risk-adjusted perpetuity.

ambiguity, A, = . In the absence of ambiguity{=0 or x, =0), W,(t) simplifies to a

p. and p, consider the trade-off in negotiators’ minds betwéhe worst and risk-neutral scenarios and

represent the degrees of ambiguity aversion oéiselind buyers towards price negotiation. Eachnpetex

depends on individual ambiguity attitudes and ifective of subjective beliefs about the accurady o
probability estimatesa should help determine the direction of the negotaprocess and its outcomes in

terms of negotiation range and mutual agreemeniroece.

2.2. Ambiguity and buyer-seller real options

The seller’s or manufacturer’s problem is to detaerthe optimal selling conditions to maximize her

opportunity value under NMEU ambiguify(t) :

3 (t)=ntjgx { pl{e—r(t'—t) X — elsmngQﬂ [ L‘” S(r)e‘r(’_t)dﬂ ftﬂ + (ko ﬁe‘f(t'—‘) X - EU:O S(r)e"™d Ik ﬂ} 4)

® The derivation of the supremum of these costsbeamasily obtained based on Nishimura and OzakiqR0



Then hemput opportunity valuer,(t) can be expressed as:

F=max{ X -W, ¢), ¢} (5)

where J(t)= max[ [,o SuFEQl “ Si(r)ertrodr|j-"]+ &p EU Sl(T)erwer’]’ﬂ]

The seller’s put option value under the NMEU amhigwspecification can be written as (see the
recursive structure/properties of the option valod derivation of the solution in Appendix A):

_jAIrS®O™ i s>,
Fl(Wl(t»_lx- 1.S(t) if SMHES,

A - I
WhereSI:Lx,A&: (181—),)|1 P +1 pl,blzl_ 4 § ii+£<0,
(bl_ 1)'1 ﬁl r—h—0K, =l 2 Sl 2 §7)

{=p(utox)+@Q-p)u,. A, A andb, are constants.

Different from the option value derived by Moonatt (2011) under risk-neutrality, Eq. (6) accoufiots

the effect of ambiguity on decision making and sbedvow option exercising properties are affected by
sellers’ subjective beliefsl; , probabilistic ambiguityx, and ambiguity aversionp, . Ignoring such

behavioural effects can result in biased investnigggers (e.g. premature commitment or late rgaion

exercise) and suboptimal negotiation decisionkefnegotiation process is characterized by vagseses

information incompleteness is the critical trigger value of selling the goodder ambiguity. The seller
exercises the put option only when coSi&) £ S .

The buying opportunity value under ambiguRyt) is:

Fz(t):rqu[p [meQZ U S (r)a"’”dr|j—‘} “’X}+ (1—,0)[ I S (r)a"”>dr|j-‘} }} 7)

Using the same logic as above, the buyer’s caliooptalue under the NMEU specification can be

written as:
| 22S,(t)> if Sft)<S,
Py = MESOT T S<s, ®
1,S,(t)- X if S[(t)3 S,
_ *\1- b, 6
WhereSE:LX,AZ: P o1 pzl%:@,bzzl_z_zﬁ ? Z +£>1
(b,- I, I = h+0K, T —U, b, 2 s, 2 s @ s?

$=p, (U, =T ,)+A- p, )i . S, isthe critical trigger valuef buying the good under ambiguity.



The buyer will exercise the call option only whegvenuesS,(t)3 S,. Otherwise, he will delay
commitment untilS,(t)3 S,. Here again, exercise conditions and option vahednfluenced by the buyer’s

subjective beliefsA, and ambiguity parameterg, and «, . Ignoring the interaction effects of these

variables on option value can result in erronequgestment outcomes (e.g. premature exercise, late
commitment or an impasse) if the negotiation isigtg with ambiguity. Option value and optimal exsec

policies are affected by the buyer’s ambiguity ai@r and probabilistic ambiguity through individuwaid
subjective factord, and A,. Considering these cognitive factors in the uraerprice negotiation allows

us to know how the worst case in the negotiatoriadmaffects her/his judgment about the timing of
commitment and the likelihood of mutual agreement.

Using the above results (egs. (6) and (8)), we reditify the implicit zone of achievable agreement
(IZOAA) under ambiguity and its existence condispmand study the effect of ambiguity aversion oa th
price negotiation range and the thresholds for aluaigreement. The IZOAA corresponds to the range of

negotiation where buyers and sellers are likelyeteh agreement and avoid impasse.

2.3. Ambiguity and the negotiation range

X

From egs. (6) and (8), the seller (buyer) will &gr® sell (buy) whenS(t)£ S :—(1_ 1b,)

(St)3 S = m ). We refer toX, and X, as implicit reservation prices for the negotiatseiler
: 2/ 2
and buyer. For giverg(t) and S,(t):
x1: (l' ]I/bl) 181(t)£ X 9)
X,= @ Yb,) . S,t)® X (20)

The optimal buying and selling strategies are tbveleen X £ X and to buy wherX,3 X . Thus, the
region[ X, X,] stands for the IZOAA or negotiation range undebguity for buyers and sellers. It nests

the risk-neutral IZOPA found in prior studies. Segtimplicit reservation prices can help initiatpr@fitable

relationship between parties and capture their eagtiens of costs and revenues under ambiguitysaver

This aids in establishing whether the negotiat®successful or not. GiveX,, a higher contract pricX
will generate higher benefits for the seller. A buyer to make a profitable investmeMXt, should exceed

the contract priceX . Proposition 1 summarizes how these implicit resgon prices are affected by

changes in ambiguity aversign and probabilistic ambiguity, , wherei = 1, 2.



Proposition 1. (The effect of ambiguity on implicit reservation gices)

Anincrease in the seller’s ambiguity aversiorr, (probabilistic ambiguity K,) increases her implicit
reservation price X; when k;>0 (r,>0). The effect of the buyer's ambiguity aversionr,
(probabilistic ambiguity k, ) on his implicit reservation price X, is equivocal. If probabilistic
ambiguity k;=0 (aversionr,;=0), changes inr; (k;) will not affect the implicit reservation price X,,

where i = 1, 2. (See the proof in Appendix B).

S

Eéﬂxl>o if k,>0 50 if r,7(0,1]
ﬂrl . kl
L&: 0 if k=0 |&: ifr,=0
o ﬂrl ﬂkl
X2 0 ana Xelle=0 2, 1%z 2 § g TXelr220)
r, < I, Tk, < Tk,

As shown in Figure 1, Proposition 1 implies thathe presence of ambiguitk(> 0) the seller will
ask for a higher price (willingness-to-accept) the good produced or to be delivered if she is more
ambiguity averse about her future operating co§¥ (1, >0). This result is logical and in accord with
risk aversion and maxmin dynamics. Similarly, a ipes relationship exists between the seller’s
probabilistic ambiguityk, and her implicit reservation pric&, under increasing uncertainty aversion
(r,> 0). This suggests that despite the presence of regdiiy, the IZOAA can become wider or narrower

under ambiguity with changing aversion and that tis&-neutral IZOPA is likely to overstate mutual
agreement prospects if the seller is increasinglysimistic about her costs. While individual bebaviis
key to negotiation outcomes, risk-neutral analyigisores its effects on optionality and neglects the

multiplicity of the IZOAA under ambiguity.

10
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Fig. 1 Effects of seller’s ambiguity on her impfici Fig. 2 Effects of buyer’s ambiguity on his implicit
reservation price. reservation price.
Here ¢, 4,,0,,9) = (0.08, 0.03, 0.15, 9) Here ¢, u,, 0,,S) =(0.08, 0.04, 0.15, 25)

Proposition 1 states, on the other hand, that theer’s ambiguity aversion, has an equivocal and
non-monotonic effect on the implicit reservatioicprX, under probabilistic ambiguitl, , as illustrated in
Figure 2. This can be explained by the specificppres ofb, in Eqg. (8) and the potential interaction

effects ofr, g and g, on optimal timing dynamics. Such effects should rbere pronounced under

ambiguity. The resulting nonlinear association hgiits the role of uncertainty (beyond just risk) price

negotiation outcomes and shows that the buyer’digihgprice does not have to decrease with higher

ambiguity aversion in the NMEU ambiguity specificat k, also has an equivocal effect on the buyer’s

implicit reservation priceX, under ambiguity aversion (i.e. whep is greater than zero). In other words,

an optimistic buyer can potentially decrease higlicit reservation price and delay commitment i th
presence of ambiguity later than a more pessimistier. This implies that the IZOAA will not necasity

be narrower with higher ambiguity aversion from thayer. This underlines the asymmetric effect of
NMEU-based ambiguity on the negotiation’s prospetisder the standard MEU specification, buyer’s
willingness-to-pay (WTP) would be negatively retht® ambiguity aversion as predicted by Hazen et al

(2012) in the context of remanufacturing. Changeambiguity aversion; (probabilistic ambiguityk;) do
not affect the implicit reservation price$, under risk-neutralityk, = 0 (r, = 0), wherei=1,2. The

IZOPA is unique only in the absence of ambiguity.
We now turn to the effects of ambiguity aversion ambiguity on the threshold for negotiation (i.e.
joint options’ exercise policy). Two parties invel¥ in negotiation can reach agreement under anpigui

when the following condition is satisfied:

SO)/S(1)* dy (11)
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(1' ]/bJ 2
(1' ]r/b2) 2

revenues §,(t)) to the seller’s costs§(t)) when call and put options are exercised. Thestiolkl d,,

wnere = , enotes the ambigulty-pased negotiation thres eratio of the buyer’s
hered,, dy d he ambiguity-based iation threshbitieoratid of the buyer’

represents the minimum profit space for the negotiao succeed and agreement to occur. Propos2io

summarizes how this threshold is affected by chamg@mbiguity aversiom, and probabilistic ambiguity

K.

Proposition 2. (The effect of ambiguity on the negotiation threshold)

An increase in the seller's ambiguity aversionr, (probabilistic ambiguity k; ) increases the
negotiation threshold d., if k,>0 (r,>0). The effect of the buyer's ambiguity aversionr,
(probabilistic ambiguity k,) on the negotiation thresholdd,, is equivocal. Whenk,=0 (r,=0),

changes inr, (k;) do not affect the negotiation thresholdd,, , wherei=1,2. (See the proof in

Appendix B).
%>o if k,>0 ﬂdKK>O if r,7(0,1]
ﬂrl . 1Tkl
|&:o if k,=0 |&:0 ifr,=0
ﬂrl 1-[kl

fdk« E 0 andﬂdKK(kZ =0)_ 0: fd > 0 and T (r,=0) _ 0.

1r, qr, Tk, < Tk,

Proposition 2 implies that under probabilistic aguily (k,> 0), the threshold for joint options’
exercise will be higher the higher the seller’s aulty aversion {d. /1r, >0). Figure 3 illustrates this
monotonic effect. The positive association alsalbdietween the seller’s probabilistic ambigktyand the

negotiation threshold,, with higher uncertainty aversion. The negotiatwocess becomes more difficult

if the seller is more pessimistic about her co&ts.the other hand, and in line with the nonlineifeats
highlighted in Proposition 1, higher ambiguity asien from the buyer will not necessarily increake t
negotiation threshold or likelihood of an impasghkis result differs from the one obtained by staddar
uncertainty-neutral contingent-claims analysis @ad be attributed to the asymmetric propertieshef t
NMEU framework.

_ _ - ot _(A-VBR) 1)
Whenk,=0 and «,=0, d, reduces to the risk-neutral negotiation threshild= 15 2=
(1_])/182R ) _/'11)

® See Golan (2009) for an illustration of the neatiin threshold in employment contracts.
12
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whereb,, = £ a. ? L +12<0, PTE! ) v my § M +32>1_
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Let d,; denote the negotiation threshold with=0 and «,=0 and d,, denote the negotiation
threshold withx;=0 and x, 20. The joint effects of ambiguity aversigm and ambiguityx; on these
thresholdsare illustrated in Figures 3-4. Higher ambiguityeesionr , (greater probabilistic ambiguity, )

from the seller results in a higher threshdld whenk, >0 (r,> 0) as shown in Figure 3. On the other

hand, increasing aversion to uncertainty (greatebabilistic ambiguity) from the buyer does nottuod a
higher thresholdl,, . Figure 4 illustrates these equivocal effects. fidle played byr , ¢ and o, and their
interactions, in optimal timing dynamics are margortant for call prospects than for puts under NME
ambiguity. Whenk,=0 or p,=0(«,=0 or p,=0), d.; (d, ) is not affected by individual behaviour as
shown in Figures 3-4. Ignoring the interaction etfeof ambiguity aversion and probabilistic ambiguin
real options dynamics in incomplete informatiortiags, such as those of price negotiation, missgshe

behavioural and subjective elements of buyer-saiteraction.

4.5 :]5KR 27 l:léRK
ORR 0 s
4 RR
5 2.65 4 /
L,'; 3.5 <
S < 2.6 4
= 3 e
5 3
< <
= 25 2 2:55 9
=
B 25
1 245 .
0

0
Probabilisitc ambiguity Seller pessimism p; Probabilisitc ambiguity 2 Buyer pessimism ps
Fig. 3 Effects of seller's ambiguity on the negtitia Fig. 4 Effects of buyer’'s ambiguity on the negatiat
thresholdd,, . thresholdd, .

Here(r, 14,0, 11,,0,) = (0.08,0.03,0.15,0.04, 0.1 Here(r, 14,0, 14,,0,)= (0.08,0.03,0.15,0.04,0.1

The relationship between the threshold under anitlyigli, andits risk-neutral counterpar,, can

be expressed as follows:
(1' ]r/b1) 13 (1' IblR )6' mz)
(1' ]/b2) 2 (1' 1b2R )(I’- WE)

12
(1' ]/b1) 1< (1' 1blR )Q" mz) ( )
(1' ]/bz) 2 (1' 1b2R )(r' ml)

1dKK 3 dRR If

‘[dKK <dy Iif
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Eq. (12) highlights the role of subjective beligfsthe form of the NMEU-based ambiguity multiplier
and ambiguity aversion in shaping mutual agreemfenit.agreement to be reached under ambiguity, the

threshold will generally differ frontl, confirming that rational option pricing assumpsocan lead to

inflexible and suboptimal outcomes if individualha&iour, miscalibration and subjective beliefs aot
accounted for in the uncertain negotiation. Thevabdynamics and propositions are based on thestieali
setup that neither the buyer nor the seller is kedgeable about other party’s cost and revenuernpator
ambiguity parameters. We address this issue of mmric information in the presence of ambiguity
aversion and its decision making implications irct®® 4.3. Appendix C covers how the subjective
probability of agreement is affected by ambiguity.

Overall the above results demonstrate that althapglonality is a key element of negotiation when
making purchases within supply networks, the effexftambiguity aversion and ambiguity on investment
outcomes are equally important. Normative/ratiopddictions on the effects of uncertainty on implic
prices are indeed challenged when ambiguity, aedsan towards it, is part of the negotiation psscd his
is not surprising since psychology and the heteveigg of individual attitudes towards uncertaintie a
known to significantly shape the direction of bugefler interaction (Ghosh, 1994; Moran and Ri&802).
Standard contingent-claims research on buyer-sedlationships and capital investment (e.g. Jiangl.e
2008; Driouchi et al., 2009 and Moon et al., 20déglects these so-called biases and frictionatefféVe
add realism to this literature by highlighting tim@derating effects of ambiguity aversion and prdistic
ambiguity on real options dynamics and buyer-sefisgraction. We find that under the NMEU ambiguity
specification, uncertainty can have an asymmetsgoaation with price negotiation outcomes. We also
show that ambiguity aversion consistently influencegotiation performance when interacting parties,
conscious of their options to delay commitment aedotiation agreement, are faced with ambiguity and
information incompleteness.

While linear structures are useful for the analydibilateral negotiation and buyer-seller relasibips,
extant real options models omit to account forriative positions and level of structural embeduhss of
buyers and sellers in the supply chain networkth®y influence both behaviour and strategy (Borgetl
Li, 2009; Kim et al., 2011), these factors shoukbaglay a role in negotiation dynamics. The nedti®n

adds a social network dimension to our negotigpi@blem under ambiguity.

3. The negotiation problem with network control and anbiguity

Building on the work of Braun and Gautschi (2006)Nash bargaining solutions in social networks, we

account for the bargaining power of each partyetam their network position and relational feaguie
the uncertain negotiation. Consider an exogenotwsank, with the set of node¥ = {1,2L i} andm

mutual ties in which the seller and buyer are erdbddin. In this network, bargaining and exchange

relations always coincide and negotiators have then “network control”. In line with Braun and Gaahi

14



(2006), we adopt the following assumption.

Assumption 4. The seller’'s (or buyer’s) relative negotiation powesults from her (or his) network
position in the network.

The connectedness representation of the netwagivés by itsN~ N adjacency matriA . The main
diagonal elements of this matrix are equal to zeeo,a, = 0, I T ¥ . The relationship between membérs

Il if there is a mutual tie between member gr

and | is defined as followsa; = a; = ,
10 otherwise

, Wherel 1 j

andl,jT ¥ . The binary variablen, reflects whethet is connected withj . The normalized adjacency

matrix A is denoted by the relational matiX with main diagonal elements, =0 for all I T ¥ . Its off-
n

diagonal elementr, is derived as followsa, =a,/ > a, for I,j,k1 ¥, wherea, denotesl's level of
k=1

“control” over j in the network and<a, <1. Thelth row of the matrixR reflectsl’s control over
others.a; =1(a, = 0) meansl has full (no) control ovey .

To reflect how much powek has over other network members, the mean '®fcontrol (i.e.,l’s
network control level) over other parties in théwwrk is defined as:
_1s
==> (13)
N =
wheren denoted 's number of bargaining partners, is | 's network control level0<¢ <1.

We examine a network with negative connectionsis $ection. The case with positive connections is
covered in Section 4%The connection between the seller and buyer isitheg (positive) if the buyer’s
exchange of resources with the seller precludesriptes) transfers from (with) others (YamaguchB&)9
According to Binmore (1985) and Braun and Gaut$20D6), | 's individual negotiation power (or market

concentrationy, can be defined as:

_ { -1/In(vg)  if | faces anegatively connected relati 14)

. ~1/In(1~vg) if | facesa positively connected relati

Then| s relative bargaining power vis-a-vjsin the network can be calculated by+'—
2

’ For tractability, we study relative bargaining powéfects based on network position and using $oeawvork dynamics.
It should be noted that horizontal competition aodperation can also affect bargaining power (Sdedi Gao, 2014,
Leider and Lovejoy, 2016). For example, when sglieake substitute (complementary) products, thghtend up having
a lower/higher bargaining power over the buyer. @8aymight also benefit from collective bargainiregause of individual
purchasing, sourcing or competition (Li, 2012; Hee®15). We thank an anonymous referee for thjgesstion.

® Similar to Braun and Gautschi (2006), we examievorks with either negative or positive relatioNegative (positive)
connections are viewed as substitutable (compleamgn{see e.g. Yamaguchi (2000) for mixed exchamggorks with
negative and positive connections).
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From Eqg. (14))’s relative bargaining powecan be expressed as:
B In(ve;)
" In(vg) +In(vc,)
B In(L-vc;)
h= In(1-vg) +InL-vc,)

if | andj negotiate in a negatively connectetivoek
forl#j (15)
if | andj negotiate in a positively connectetiveek

, V reflects the network-specific weight based on éxgshodes and mutual ties

wherev=
1+m+n

Equation (15) shows that equal network control lewesult in similar negotiation power in each

o0& ov.
network. Also note thai;i >0 andﬁ <0. This indicates thalt’s relative bargaining poweris-a-vis j

og oG
increases (decreases) withs network control in negatively (positively) corated networks ifv is

unchanged .
Following Section 2, let = 1 and 2 denote our seller and buyer. The selleraivel negotiation power

¢, Is defined based on her relational features antttstral position in the network. Figure 5 illusea

examples of typical structures in which the sedlied buyer might be embedded in (see Braun and Gauts
2006). For instance, the seller’s network conteokl is 1 (1/3) in a 3-branch (stem) network iadiieg that

she has complete (less) control over the buydrigtype of structure.

3-Branch Kite Stem |
=
. 2
- NN

¢ =1c,=03333 (=0.375¢c,= 0.5 ¢ =0.3333c,= 0.666
n=4,m=3. n=5m=6. n=4, m=4.
3 eranch - ) 90 Kie = 0.42 Sem = 0.30

Fig. 5 lllustration of network control levels arelative negotiation powers in negatively connectetivorks

As shown by Braun and Gautschi (2006), the barggimroblem with network control between the

seller and buyer can be written dgt)= mxax( ,S, ) X ) (X-1,S ¢))%. Taking the first order of log

I (t) with respect toX , the contract price is determined as follows:
X =(1-E)AS, 0 +EA S A (16)
Equation (16) shows that the contract price withwoek control is equal to the weighted sum of the
subjective values 0§ (t) and S;(t) in the non-extreme maxmin expected utility (NMBEtdmework.
For a given negotiation power, the buyer’s opti@tue is a function of his network control level and

ambiguity. The buyer’s timing option can be revernittas:
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U (S0, S,1)=(1= &) maxe 2 (1,8, 0 FAS,0) . (17)
For tractability, letz= S, (t)/S,(t). z is the ratio of buyer’s revenuek(t) to seller’s costs§ (t) when

put and call options are exercised under ambiguittg buyer’s call option value with social netwefkects
and the corresponding optimal time to purchasebeaterived as (see the proof in Supplementary Agigen
E):

(1-&,)(A.S,0)-AS,t) if S{B/S()=7
’SZ = b 1-b . * 18
VEO.50) { d, (S,(1)" (S:(1)) if S{t)/S(t) <z (18)
s ob _ Ab _ _ — P 1-p p. P> 1-p,
where z _Jl(b—l) _Az(b—l) A=YAL & =Y, A r—,ul—all(l-lrr—,ul’/12 r—y2+02/(2+r—,uz’

o)} and o, are the convenience yields of the seller and buyer

1-b
1- z - _ 2
d2:( g(12)( ) ,bzl— : 51 52 2+X>1’X: 1_ 51 52 + 251 .
o,b 2 0,-2£0,0,+0, 2 0;-2600,+0;) 05-2%00,+0;
The corresponding put option value with social rekneffects for the seller is:
Ix,( ,S,(t)- | S(t) if S{)/S(H)?3 z;
t (SO (S if S{)/S(Y <z,
«\1-b
z
wherez = Z = db d:éz( ) .

db- 1" o,b
The ratio of buyer revenues (t) to seller costs§(t), z (that is equal taz ) denotes the profit space
threshold with network control. Though affectedawbiguity aversion, this behavioural threshold doets
seem to account for social network effects. Wheis less tharz , the total option value is too low for
cooperation or mutual agreement to occur. Whe larger than the threshold , it is worth cooperating.
Propositions 3a-b consider the joint effects of eyuity aversion and relative bargaining power, in

terms of relationship characteristics and netwookiton, on implicit reserve price§(t) andX;"(t) .

These variables are more likely to be influenceddygial network effects than the threshold.

Proposition 3a. (Implicit reservation prices with network control in negatively connected networks)

When the seller and buyer determine the negotiatedhare of cooperative profits under ambiguity,

their reservation prices with social network effecs are:

AN

In(nc,)  #.S.®

In(nc,) :q 25,(t)
In(nc,) + In(nc,) Eb- 1 |

In(nc,) + In(nc,)a b

&
X ()= % 1+ andX;°(t) = g 1+
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Proposition 3a indicates that ambiguity aversignand probabilistic ambiguitk, still affect the
buyer’s and seller’s implicit reservation prices (t) in the presence of social network effects. This is
achieved through the option value paramdéeand ambiguity multipliet ,. We also find that network
control levelc, and network scalen andn influence price negotiation outcomes under ambygihis is

in accord with social network theory predictionsl d@ads to Proposition 3b.

Proposition 3b. (The effect of ambiguity on implicit reservation prices in negatively connected networks)

The seller’s implicit reservation price consideringnetwork control X* is increasing in her ambiguity
aversion r, (probabilistic ambiguity k,). The buyer’'s implicit reservation price considerng network
control XJ° is decreasing in his ambiguity aversiorr, (probabilistic ambiguity k,). (See the proof in
Supplementary Appendix F).

XPWM) o XM, KO o KO
0o, 0K, 00, 0K,

l lS.I.(t) and ch(t) - (b_ 1+X12)I ZSZ(t) -

Recall: X;*(t) = (b- 1+
ecall: X[*(1)= (b- hg,)-2 2 -

Proposition 3b confirms that while ambiguity aversr, and probabilistic ambiguitk, still affect the
buyer’s and seller’s implicit reservation pricés (t) in the presence of social network effects, network
control levelc, and network scalen and n moderate the effects of ambiguity (aversion) orpliait

negotiation prices, making the relationships betw#em unequivocally monotonic for both buyers and
sellers. Ambiguity aversion is, hence, negativety positively) related to buyer implicit prices for
willingness-to-pay (or willingness-to-accept) outtes when network positions are known (the WTP figdi
is in line with Hazen et al. (2012) and their Hypegis 1). This is different from the asymmetricdfing
without network control of Proposition 2.

For illustration, let us assume that the seller hogler are in the 3-Branch, Kite and Stem network
structures introduced above. Their specific posgiare shown in Figure 5. Figures 6-7 highlighteffects

of ambiguity aversion, probabilistic ambiguity asdcial network positions on price negotiation. Fegé

shows that the seller’s implicit reservation priggh network controlX(t) increases as her ambiguity

aversion p, or probabilistic ambiguityk, rises. This positive relationship holds in all #reetwork

structures. This is consistent with our findingsthwut social network effects (i.e. Proposition We
additionally observe that higher relative barganimower for the seller is associated with even éigh

reservation prices in all three network structures.
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Fig. 6 Effects of seller's ambiguity on her implicéservation price with network control.
HereS(t)=9,r =0.08,m=0.03,m=0.04,6 =0.1,s,=s,=0.15,r,= 0.5, k, = 0.2.

In Fig.6.a,K, = 0.2. In Fig.6.b,r, = 0.5.

On the other hand, a buyer with higher ambiguitgrasn or higher probabilistic ambiguity would
unequivocally decrease his implicit reservationcgrin the presence of bargaining power and network
control as shown in Figure 7. This is differerdnfr the equivocal and nonlinear effects observeSeiction
2 for the buyer. This implies that familiarity withe social network structure and understandinglattive
bargaining powers provide information advantagehéobuyer. The latter can use this informatiodeoide
his implicit reservation price unequivocally. Thiéeet of ambiguity aversion becomes akin to thatisk
aversion and maxmin MEU ambiguity when social neknaynamics are accounted for. In other words, the
asymmetric effect of NMEU ambiguity on the buyernsplicit price disappears in the presence of nekwor
control. This is explained by the profit sharingséd properties of eqs. (18-19), and by the dominant
negative effect of negotiation power on impliciigess. We indeed observe that higher relative banggi
power for the buyer is associated with lower reason prices in all three network structures. Tinsans

that the narrowness of the IZOAA also depends dwork structures.

ne( ¢3—Branch __ N nc(¢3—Branch _
sz(glfxgﬁe 1« 09) (a) 650 X%w(gllgite _ 09) (b)
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400 450 = ~
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300 400 1 -
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Buyer pessimism po Probabilistic ambiguity xo

Fig. 7 Effects of buyer’'s ambiguity on his implicéservation price with network control.
HereS(t)=25,r,= 0.5, k, = 0.2. InFig.7a,K, = 0.2. In Fig.7b,r , = 0.5. Other parameter values are the,
same as in Fig. 6.



Adding new links or nodes to the network structuseally changes the network control levels and the
network-specific weights. This increases the diiig of studying their comparative statics analstiz. We
observed that higher network control levels tendnicrease relative negotiation powers and can ereat
pricing advantages in negatively connected netw¢ks Figures 5-7). Consider a supply chain network
with n>4 tiers (e.g. Waters, 2009). Suppose the tier nurabbr affects the seller and buyer through their
relative negotiation powers. If the seller and buge two of the most upstream entities in the oétwsee

ﬂxlnc < O’ ﬂxznc
In In

<0.

Figure 8a), their network control levels stay umded atc,=0.5and c,=0.75. Thus,

In this most upstream case, the wholesaler’s wediargaining power increases because of the addfi
an intermediary (branch) in the network. Consedyehbth the wholesaler (buyer) and the manufacture
(seller) decrease their implicit reservation pricHsis is as if, due to a loss in relative bargagnpower, the

manufacturer is less ambiguity averse in this nieuctire.

(a) The most upstream case ¢, =0.5,c, = 0.75

Manufacturer(1) Wholesaler(2) —  Retailer Customer

Manufacturer (1) Wholesaler(2) -  Branch Retailer Customer

(b)The most downstream case ¢, =0.75,c, = 0.5

Manufacturer Wholesaler Retailer(1) Customer(2)

Manufacturer Wholesaler Branch Retailer(1) Customer(2)

Fig. 8 Example of a narrow supply chain

Using the same logic as abo 1?; >0, ﬂ';(r? > 0 when the seller and buyer are two of the most

downstream entities (see Figure 8b). Adding anrmmégliary in the network will lead to a higher (laye
relative bargaining power for the retailer (custoyn€onsequently, both the seller (manufacturirtgiler)
and buyer (customer) will increase their impli@servation prices. This is as if the customer ligtikesly
more ambiguity-seeking in this new structure. la thvo cases, increasing network nodes and mutesl ti
strengthens the relative advantages of entitiel higher network control levels despite the preseoic
ambiguity. Social network information might thuslgheo resolve some of the unknown uncertainty

characterising the negotiation process.
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4. Extensions and additional results

This section extends our previous modelling ingdhy considering outside options in the negotiation
process (Section 4.1), sequential negotiation batwaene buyer and multiple sellers (Section 4.2§ an
mechanism and incentives design in the presenasyofimetric information (Section 4.3).

4.1. Ambiguity and the outside option

In Sections 2-3, we assumed that both the sellérbaryer accept the price negotiation outcomes and
commit to the contract if the optimal timing threthis attained. However, the seller/buyer can discide
to exercise their outside options and exit the tiagon altogether. Here the outside option is \edvas the
best alternative that a negotiator can go for ibhehe withdraws unilaterally from the negotiatgmocess
(Binmore et al., 1986). The existence of outsidéiomg introduces new constraints to the problem as
ambiguity also affects outside values (see e.goMiad Wang, 2011).

We adopt the outside option valuation model of 8dar (2011) and consider outside options for both

sellers and buyers. Let the seller’s (buyer’s) ioatption valuev, (V,) be random and follow a normal

distributon  N(u,s,) ( Nu,S,) ). The set of likelihood distributions
pOR (u,d) :{J\f(ui ,d)‘ui D[Gi -y, Ui+ yl]} is defined to capture ambiguity irs outside option

value. For simplicity, we assume these to be inddeget of the seller’s costs and buyer’s revenges

wherey, >0, i =1, 2. We consider ambiguity in the mean af rather than the variancg . The scope of

the meany, D[Gi -V, U + y,] is defined based omtignorance in continuous-time angtontamination (e.g.
Nishimura and Ozaki, 2006; Kopylov, 2016), where #mbiguity levely, reflects how confident is in
his/her probabilistic measure. Suppose the sellgser’s) ambiguity aversiomw, (0,) is a trait that
influences investment execution and outside opx@rcise. Then, the NMEU value 4f can be written as:
NMEU (V) = o1 inf E[V] +(1=p) E[Vi]=ui - py:, wherei =1,2.

The NMEU version of outside option valig differs from the outside option value in Schro@2911)
by considering the mean , thus reflecting the influence of non-extremespects.NMEU (V;) decreases
with ambiguity aversionp and ambiguity levey;. When the ratio of buyer’s revenues,(t)) to seller’s

costs (S (t)) reachesz , the seller and buyer maximize their utilitiefaltows:
R(S/(t), S,(t)=max{&,,(4,S,€)-18,¢) ,NMEU ¥} (20)
U(S (1), S,(t)=max{(1-¢,,) (4,5, €18, ) NMEU V¥ ,} (21)

Egs. (20) and (21) indicate that negotiation ages@mis reached ifé, <é,<&,, where
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. This means the seller (buyer) will commit to tentract

£=NMEUN) =z, NMEU(V,)
OASM-ASMH) T T AS M) -AS(®)

only if her (or his) negotiation power is not taw and the profit allocation policy is acceptaliitherwise,

the seller (or buyer) will opt out and exit the aoBagtion. To ensure?12>.512, the profit space

A,S,(t) - A,S,(t) should be strictly greater than the sum of outsigigon valuesNMEU (V;) + NMEU (V,) .
Although relative bargaining powet, does not directly affect optimal investment timirtgloes determine

whether both parties should proceed with the conhtwien considering their outside options.

4.2. Sequential negotiation between one buyer andwgeral suppliers

We next extend our bilateral negotiation problemsgxguential multilateral negotiation situations
involving one buyer and complementary sellers. 8d\@apers have examined cases of suppliers arupgr
of sellers supplying complementary components tlownstream firm (e.g. Nagarajan and Bassok, 2008;
Nagarajan and SoSi'c, 2008; Granot and Yin, 2068akd Yin, 2015). Herein, we incorporate ambiguity
and social network dynamics in the negotiation fauork of Nagarajan and Bassok (2008) and relax the
fixed channel profit assumption characterising rthe@quential negotiation. As before, we account for
ambiguity in the sellers’ costs and buyer’s revenaad their respective network position featurdss T
enables us to examine the effect(s) of ambiguigrgien (and number of sellers) on profit allocation

The buyer can be viewed as an assembler who bweysimih of complementary component from each
seller and manufactures the final product. Theyiragepositively connected network in the sense¢ @ahdeal
between the buyer and one seller encourages theefao trade with other sellers. We consider a upp
chain network withn nodes consisting of a buyer ana 1 sellers, wheren>2. The buyer negotiates with

the hth seller at stagén using Nash bargaining solutions, whérel,--n-1. From Eq. (15),y =,

denotes each seller’s relative bargaining powea ipositively connected netwoPkThe buyer’s relative
bargaining power ig =1-).

The negotiation sequence is determined by the buyach seller has her own subjective costs’

h

. . o 1-por
expectations. Théith seller's NMEU-based ambiguity multiplier &' = gol — 'Olh >0. We
=t —0ky I —[h

add the superscrigt to denote thénth seller.
The total expected profitfl(t) based on the NMEU specification can be written as:

n-1
N(t) = A,S,(t) - > A'S!(t), where(t) >0. To simplify notation, we omit timing from M(t). Let M,
h=1

denote the total expected profit to be shared batwke buyer and sellelsh+1.--n—-1, wherell, =I1..

° An alternative to this would be to calculate refatbargaining power by considering revoking comreitinat a certain
cost (see e.g. Muthoo, 1996; Nagarajan and Bag6@lg) so that the assumption of zero disagreenaués becomes less

restrictive.
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After n—1 stages of negotiation, the buyer achieves hisagdeprofit/z, =I1, . Let W, denote the set of
feasible alternatives when the buyer negotiatel wie hth seller at stagé. We userz, to represent the
level of profit that theh th seller achieves. In the first stage, the feasibbt is defined by
Y, ={(N,,m):N,+m=0N}.Atstageh, W, ={(N,,.,7,):M,,,+7, =M.} . Then, the profit allocation rule
between the buyer and theth seller is determined through the generalizedhNa&rgaining solution:
maXp, . 7y, M,..)” 0z Y. In line with Section 3, disagreement values af tiuyer and sellers are
assumed to be zerbhetotal surplus is split as followsz, = /1, , M, ,, = (1-y),. The profit distribution
between the buyer and sellers is, thus, obtairetatkward induction. The buyer’s expected prafitand

the hth seller’s expected profit, can be written as:

==y (/]252 (t)_nZ::/]lhs? (t)j (22)
m=vn A 0-SAs0) 23)

Egs. (22) and (23) illustrate the distribution abfgs based on the supply chain member number,
network position and ambiguity in sellers’ costgl duyer’s revenues. Compared with the optimal profi
allocation in Nagarajan and Bassok (2008), ourtsmis consider the role of probabilistic ambigusyd
ambiguity aversion in the negotiation. These sohdialso add to recent real options literature ocep
negotiation (e.g. Moon et al., 2011; Zheng and Mbgen, 2015). It is intuitive to see that both theyer’s

and sellers’ profits decrease with revenues- astse®lated ambiguity aversion.

From Egs. (22) and (23), the “procurement” pricetfee hth seIIer)Zh and the total price paid by the
buyer X, can be, respectively, expressed Xs:=A"S'(t) + y(1- p)" M (), Xz =AS,(t)-1-y) "N (t).
The buyer will commit to higher prices if his ambity aversion is lower. The seller would ask fdnigher
price if her ambiguity aversion is higher.

Regarding the effects of multiple sellers, we fallblagarajan and Bassok (2008) and discuss fixed

versus adjustable negotiation sequences. In thesl foase, the buyer prefers fewer sellers as proyed

Nagarajan and Bassok (2008) in their Theorem 4.4.cdhfirm this finding when considering network

features. Note the buyer’'s expected prafitis determined byl(t) and (1-y)"™". A smaller number of

sellers increases the total expected pridfit) and the value ofl-y)"™*. For example, the terrfi—y)"*

equals 0.25 in a Triangle network, while it amouot®.125 in a Full-4 network in Figure 9. Conseagle
the buyer benefits from a smaller number of sellietise negotiation sequence is fixed. In the pneseof a
predefined negotiation sequence, the seller’s @érdegrofit decreases with her sequehce~or example,
the first and second sellers’ expected profits aespectively,0.91(t) and 0.2bI1(t) in the Triangular

network.
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Triangle Full4

The'seconc  Thethird The secon(
seller seller seller
The first The first
seller The buyel seller The buyer
c,=¢ =¢’=0.5. c,=c =c¢’=c’=0.333,

n=3,m=3. y=0.5. n=4,m=6. y=0.5.

Fig. 9 Examples of supply chains with a single h{gssembler) and multiple suppliers (sellers)

If the negotiation sequence is adjustable, the buayght encourage the sellers to pay for network
positions in order to gain more profit share. Nagar and Bassok (2008) prove, in their Theorem tha&z,
when the sellers simultaneously compete for netiotisequence and pay for their network positires

every Nash equilibrium, the expected profit of eaeller equalsz,_, while the buyer’s expected profit is
(1— y(-y)? (n—1))|'| t). In such a setting, the buyer prefers to have nsetkers (see Theorem 4.2 in

Nagarajan and Bassok (2008)). We find that dueota network effects, the buyer does not necdgsari
benefit from a higher number of sellers. This i€éese a greater number of sellers decreases e tot

expected profitl(t) but might at the same time increase fhey(1-y)"*(h—1)term. For example,

1-y(1-y)"?(n—-1) equals 0.5 in the Triangle network, while it i$Z5 in the Full-4 network in Fig. 9. As

we study negotiation power from a social networkspective, the relationship between the number of
sellers and the buyer’s expected profits becomesvecal if sellers compete and pay for negotiation

position.

4.3. Asymmetric information and price negotiation under ambiguity

In the previous sections, we analysed investmening and pricing decisions under ambiguity
assuming that information was symmetric. Howeweiprmation asymmetry is also known to influence
buyer-seller interactions and their related tratisaal arrangements. There has been increasingesite
surrounding issues of ambiguity aversion, asymmetfiormation and mechanism design in recent years
(see Bodoh-Creed, 2012; Bose and Renou, 2014; \2é&#; Wolitzky, 2016; Giraud and Thomas, 2017).
We borrow from this literature to examine how asyatnic information affects our optimal timing andqer
negotiation outcomes under ambiguity. Our modelbrgds on a rich and still growing stream of reska
on real options under incomplete information (&ighihara and Shibata, 2008; Shibata and Nishit2&a] ;
Feng et al., 2014; Grenadier et al., 2016). We tadthese studies by accounting for ambiguity ancthea

party’s private information about their own ambiguaversion parametep, (and option value parametbi)

in the negotiation.

suppliers’ coalitions and their stability are atscussed in Nagarajan and Bassok (2008).
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Consider the buyer (principal) delegates the imuest timing decision to the seller (agent) and
determines the price contingent on the observabimg threshold. There are two types of sellershia

market in terms of their knowledge of their ambigwaversion parameter . We call the seller a high (in
contrast to a low) type if her ambiguity aversienag,, (02, ) with p,, <, . This meansi,, <A, . The
probability of any seller belonging to the high éypategory iy .

Let A, andb, denotew’s NMEU-based ambiguity multiplier and option valparameter, where :

2
bW:%_ JJ.W_JZ +\/(1 51‘/"_52 j + 251N f dwz:l//]lw ’

0 -260,0,+0; 2 Oi:-2%00,+02) O0-%X0g 40°
/11w: Puw +1_p1w
r=th-ok =

1_
/12 — /02 + /02 )
=Lt OK, I =/

Thus, the high (low) type seller has her own pevatformation about the NMEU-based ambiguity

, w=HorL denotes the high or low type J, =14, |,

multiplier and option value parameter. In line wilection 3, letz, (z ) represent the ratio of buyer’s
revenuess, (t) to seller’s costsS(t) when the high (or low) type seller undertakes toatract. Note
(z(t)/zw)“” is akin to a discount function (Grenadier, 2008ngf et al., 2014). Assun®t) < z, indicates

that the contract is not implemented immediatelgc& A, andb,, are the seller’s private information, the
buyer’s objective is to maximize his option valyedibserving investment timing, and buying the product

or service at priceX,,:

max_ Oy [ﬂjm (/‘ZZH S t)- X« ) +(1_ Qn )(ﬂjq (/‘ZZL5 €)- XL) (24)
Z4,20 ,Xn XL Zy Z
subject to:
by by
Z z
2(t) \* 2\
=2 (X = AS) 2(— (Xu = Si(t)) (26)
z Z
by
(?) (Xu = A Si(t)) =0 (27)
(?j L (X - S(1)=0 (28)

The termsA,z, S,(t) and A,z S,(t) are the buyer’s expected revenues if the seller belongs to the high
type and low type categories, respectively. Constraints (25) &@)dnf2an that the high type seller is

encouraged to undertake the contract at tingpgand the low type seller is induced to undertake the
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contract at timingz, . Constraints (27) and (28) are the participationstraints.
bLAL

(b -1)4

that when information about the seller’s pessimmna ambiguity aversion is asymmetric, the buyer’s

Solving this principal-agent problem and assunming (see proofs in Appendix D), we find

optimal policy is as follows:

* bH
* * * — h—lAlH Z_H _ * * - -
(ZH,XH ,zL,)(L) _[—(bH =y} ,{)llH +( z’[j (A = Ay )]Sl(t),zL ,/1181([)}, wherez is a solution to

(10 ) 2™ ™ (bAw +(1-bL) Aoz ) + Qb z ™ (A = Aw ) = 0.

This shows there is a similar functional form bedwehe timing trigger of the high typg, and the
timing trigger under symmetric informatian in Eq. (18). Extant real options research (e.ghNiara and
Shibata, 2008; Feng et al., 2014) documents thvassiment will usually be deferred if managers bgltm
the low type category. We confirm this, in our bugeller and price negotiation setting, in the pree of
asymmetric information concerning option value pasters and the degree of ambiguity. This is further
illustrated in Figure 10.a where timing threshald is smaller thanz. . We find an optimal incentives

b Ay

(b -1)4

incentive contract only if the low type seller’sning threshold is relatively high. When probabitist

policy exists only ifz > . This implies that under ambiguity, the buyer garplement the

ambiguity is nil, ambiguity aversion does not affdee seller’s costs and there is a unique timimgshold
(implicit price) as shown in Fig. 10.a (Fig. 10.bgt C,;; denote the high type seller’s expected costs where
Ci =An Si(t) . Her expected profits are shown in the grey afdagure 10.b. These profits are determined

N
by the costs difference between the high and Iqve lgellers(/ilL = A )Sl(t) and the portior{z—';'j <1.

Z
This means the buyer covers part of the costs diffax to encourage the high type seller to telltringn.
The incentives portion is, hence, affected by thdigoity aversion of the buyer and that of each tgpe

seller.
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Fig. 10 Timing thresholds and prices under ambygantd asymmetric information
z(t)=1.3, g4 =0.5, py =0.2, p, =0.9. The other parameter values are the same as in Fig.6

The seller can also act as a principal to indueebthyer to report his true type (good vs. bad). Joed

buyer has lower ambiguity aversion about his reesrthan the bad buyer (see Appendix D). We, onamag
find the functional form of the timing trigger ftime good buyerz; to be similar to the symmetric . z; is

also smaller tharzs . The good buyer’s expected profits are determimedevenues difference between the
NS

two types of buyers and the portiénzf—j <1, wherel; is the good buyer’s option value parameter.
Z

In the two above principal-agent cases, the tintilgger for the high (good) type agent increase wi
her (his) ambiguity aversion about costs (revenaesl) the principal’s ambiguity aversion about rexen
(costs). The timing trigger for the low type (badgat and implicit price of the high type (good) agare
nonlinear functions of the ambiguity aversion o fbrincipal and that of each type of agent. The iicrtpl

price X of the low type seller increases with her pessimadout costg, . On the other hand, the implicit
price Xz of the bad buyer is a nonlinear function of hisimsm about revenueg,; since o, affects Xz

through the NMEU-based ambiguity multiplidss and timing thresholds . The principal offers zero profit

to the low (bad) type agent and positive profitehe high (good) type agent. These positive prafs
contingent on the ambiguity aversion of the priatignd that of each type of agent.

5. Conclusions

Contributing to behavioural operations and productimanagement research on buyer-seller
relationships (e.g. Esmaeilia and Zeephongsekul);284zen et al., 2012; Hemmert et al., 2016), plaiser
examines the real options and social network dyosrof bilateral (and multilateral) negotiation unde
ambiguity by relying on a multiple-priors expecteatility with non-extreme outcomes. Adjusting for

uncertainty aversion in probabilistic appraisais thtility combines the worst case in negotiatongids with
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the risk-neutral case and provides flexible comnaitirthresholds for investment under ambiguity dears
Besides extending risk-neutral insights from recemtingent-claims research, our results underiree
moderating effects of individual behaviour and raldwration on the process of price negotiation &ad
performance. We find that ambiguity aversion andigoity do not necessarily have symmetric effegts o
pricing outcomes. Specifically, an increase ines&llambiguity aversion increases her implicit reagon
price and negotiation threshold with and withoutwogk control. On the other hand, the buyer’s amibg
aversion affects his implicit reservation price ahe threshold for negotiation (un)equivocally imet
absence (presence) of social network effects. €Hers (buyer’s) probabilistic ambiguity affecterh(his)
implicit reservation price and negotiation threshim a similar direction as her (or his) ambiguatyersion.
This is because ambiguity aversion and proballisthbiguity dominate the influence of the worstecas
heuristic on decision making in the same directe. confirm that standard option analysis with regka
prior can lead to restrictive pricing outcomes amght overstate mutual agreement prospects anchtige
for negotiation. We, additionally, show that knodde of network positions and other social netwdfbots
still play an important role in negotiation perfancte in the presence of ambiguity. We also explmease
of one buyer and multiple sellers, examine the obleutside options, and consider the effect obinfation
asymmetry in the various dynamics.

In terms of operations and production economicslicapons, our proposed real options frameworks
provide quantitative insights into how ambiguityeesion and social network effects influence thegeaof
negotiation agreement between buyers and selledshalp formalise - using real options theory -ergc
predictions by Hazen et al. (2012) on the rolemabmguity tolerance (and perceived quality) in tlezidion
to purchase remanufactured products. We add tditdxiature by examining willingness-to-pay (WTR)da
willingness-to-accept (WTA) decisions jointly angjtlight the effect of social networks on the redaship
between ambiguity aversion and price negotiatidicaues in the context of B2B situations.

Our results also help inform how probabilistic aguity and pessimism (or other attitudes towards
uncertainty) generally affect negotiators’ behavjoaal options payoffs and investment outcomesuiyer-
seller relationships, social network structures atiter practical decision making situations. By Wimgy
their network positions and gathering backgrounfdrimation or inferring the other party’s ambiguity
tolerance beforehand via cheap talk, buyers arldrsetan anticipate where the negotiation is hepdin
terms of price negotiation range and mutual agre¢mpessibilities despite the presence of ambigdihys
is especially useful for international operatiomsl gorice negotiation situations that involve buyearsl
sellers from different countries. Knowing the cudtucharacteristics of a country, including its kg of
uncertainty avoidance (e.g. Hofstede, 2001), calp heternational managers identify suppliers and
customers who might be more uncertainty-seekingrés) in the international network or else planain
contingent-manner and considering relative bargginpowers, for potentially lengthy and difficult
negotiations. Extensions of this work could consifiether game-theoretic interactions, quantityldqua
dynamics and account for the effects of second mbr@certainty’, learning, horizontal competitiamd
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cooperation on price negotiation outcomes and nhuaggeement. Validating our frameworks using
experimental principles can also provide intergseridence on the emotional and perhaps irratibadb
of price negotiation and highlight extra factorsiethcould influence buyer-seller decision makingthe

presence of ambiguity and social network effects.

Appendix A. Derivation of the seller’'s put option \alue under the NMEU

The selling opportunity valu&,(t +dt) under ambiguity can be expressed as:
F(t +dt)=@?3f{ple t)+ -p E[G ¢ jfﬁdt]} (A1)
WhereG(t'):e‘r(t'_t_dt)X - SupEin [J't“’ Q(T)e—r(r—t—dt)dr|};+dtj| ’ G”(tr):e—r(t’—t—dt)x _J‘:’ él(z-)e—r(r—t—dt)dz. _
Hl'DOl

The multiple-priors expected utility with non-exine outcomes of;, (t +dt) is:

NMEU (e™F,(t +dt)| )
=e KQQ,X{ple"“""""X - p, SUE® [pl sug™ | ['s (g dr|f, |+ @p, B|[ S de |, |7 }
- 4o, [SC ¢ t

tl-p)e X - (-, )E[pl guglpEQfl Uf S(r)e"d Tlm] +(1- pl)EUf S@e i, }If. }}
=ma{e X - (oM, +p, (- o, M+ p, (- p M+ (M )}

(A.2)

where M, =Supe™ [[ su®' ['s ¢ e"’”drlﬁ}lﬂ M=supe” | E[['§ ¢ ar| 7, |17 .
000, t 600, t

600,

ME:E[%pEQfl ['separz, | j—‘} , MM:E[E[ [/ s@e 7. ] j—"}

Considering the time-consistency (or rectangularityof the set of priors, we have

ansupEQfl Umsl Q)a""“’dr|j{] Since EUmél(r)e’“””dﬂﬁJ is a singleton set that is not affected by the
CEST v 9

density generatord\ ,is equal toEUfél(r)e""’”dTUf] Recall thatsupE® USl @b""“’dr|j{+&} denotes the
t fre, t
expectation with respect Q™ conditional onf, . This expectation stays unchanged at earlier timeShen

MB:supEQf'L Uwsl C )3”"")dr|j{] In line with the law of iterated expectations aedursive utility under risk, we
6000, v

obtain MM:E[f él(r)e""")dr|f} . Then equation (A.2) becomes equivalent to:

NMEU (e"F(t +dt)| F)

= rﬂﬁx[ef(wx —[,01 gx;{ Eoﬁfsl ( 9_”"”dr|jﬂ +&p, EEFS ( e_r”_"dTUfﬂ} (A.3)
=J(t)

Eq. (A.3) implies that once the decision maker catito wait at timet, he(she) does not change his (her) plan

when time elapses.
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Recall the NMEU-based ambiguity multiplid is a constant in the infinite time horizon. Acdogito Eq. (1),
dW(t) = (m- s)Wi(t)dt + s W{t)dB{t)*. Since the seller’sut opportunity value=(t) depends oW/(t), we

write F, (W(t)) for F,(t) . According to Equations (A.3) and (5), the sefiggut opportunity value can be defined as:

F.(W(0)=max{ X -W ) NMEU (eF, ¢+dt)F)}
=max{ X -W, ¢ )(1-rdt)[ F, (W, € )+ NMEU (dF(W())|f)]} (A4)
=max{ X -W, ¢) F, (W, ¢)) + NMEU (dF, (W, ¢))| F) - rF. (W, ¢ ) ct}

where we approximatee™ using (1-rdt) and rely on Fl(V\ll(t))+NMEU(dFl(V\ll(t))Uf) to estimate

NMEU (Fl(t + dt)|jf) (see Nishimura and Ozaki, 200#pjanowska and Kort, 2010).

The NMEU satisfies dynamic consistency as the isglgtion value is defined recursively in Eqg. (p.4
In the waiting region, we hav®lMEU (dF (W.(t))|F) =rF,(W(t))dt . NMEU (dF. (W/(t))|.F) can be

expressed as follows:

NMEU (dF, (W,(t))] ) = NMEU {Fl'((,ul —- o G)W(t)dt + oW (t)dB (t)*) +%aj (W) Fot| j{}

= ZlFl'V\ll(t)dt+%af (W (b)) Fldt (A-5)
,_OF(W() . _0°F(W(D)
h F - 1 1 ’ F - 1 1 , — +0- + 1_ .
W ere 1 a\/\/l(t) 1 aw(t)z Zl pl(ﬂl 1/(1) ( pl)ﬂ]

This results in the following second-order ordindifferential equation:
1 2 n I,
—og’(W{t)) F +{FW(@®M)-rF (W())=
201( 1( )) 1 Zl 1 1() r 1( 1( )) (A6)

The seller’'s trigger is subject to the value-maighi smooth-pasting, and boundary
conditionsF, (W, )= X- W, , EqW)=- 1, Wll(itr)g¥ F(W,) = 0. Thus, we obtain the seller’s costs threshold and

option value as expressed in Eq. (6).
Appendix B — Proofs of Propositions 1-2

10 : . - . o .
Recall X, = g b—EI S (t), i =1,2. Examining the effect of ambiguity aversitnon the implicit reservation
2]

price X, :
X _ IX o . X T, (B.1)
ﬂri ﬂbl ﬂri TI i ﬁi
' 10 1 z 1 z Z 8
where i =1,2, Xizg b—%g(t)’ bl:z- S—}- X1<O,b2:§- S—zz+X2>1.Xi:\/§- ;_:g+;.
) _ 71X, X
(Ep(prok)rA=-pJu;, o POk )P, w0 w0
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£ 0.

The derivatives o, with respect ta; and b, with respect ta', are:

, b kl £0 i=1
ﬂb SiX1 (B.2)
. Lbkzsoizz
2X2
Consideringﬁls;, we obtain the derivative of the seller’'s implicéiservation price X;) with
I =th — 0K,
respect tor;:
1% _SO} . p 1 1 D1k}
fir, -b Er-m sk r- mg SQ(]IV)
5
3 %(t) 1- b )? 1 1 = Ky 1:] (B.3)
r-m- Sk - mB sy {r- m; Sk)é
%(t)klgl_ b1)51X1' (r- mJ)H
(' bl)sﬁh(r' m- SJ(])("' n])
Since (- b,)s*x,> 2r andb, <0, LSRN 0if k,> 0 and 1% =0 if k,=0.
fir, fir,
Using the same logic as above, the derivativeXgfwith respect td' , is:
X, - 1K g y+ (8.4)
T BaiaGp 44448
30

Eq. (B.4) also shows that whégy = O, the derivative ofX,(k, = 0) with respect ta", is equal to zero.

Examining the effect of probabilistic ambiguiky on the implicit reservation pric¥; :

>_ ™X®m . X

(B.5)
Tk oo Was YaaFaap
option- valueeffect present- valueffect
The derivatives db, with respect tk, and b, with respect tk, are:
[Bfigg j=1
ﬂ_bi: Sl (B.6)
Tk, Lr b, 0 i=2
2X2
The derivative of the ambiguity multiplidr, with respect tdk; can be expressed as:
I F(r rSsk)230 =1
Ty m ! (B.7)
ﬂkl rZSZ | — 2
(I’ - m+s 2k2)2
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Substituting‘ﬂbl and 1, in 1%, ; we -obtain the partial: derivative oK, with respect to probabilistic
Tk, Tk, Tk,
ambiguity K, :
ﬂxl: rlsl(t)f(l- b,) S, . I 1}1
Tk, oboé() (- m-sk)’ sih ©9)
3 I’1 t '1 b )S 2 )
- x- (F- M- sky
B M- skysy, e t
o ) X, nie o 7 X, _nie o
Considering(1- b,)s,*,> 2r andb, < 0, we prove thatﬂT> oif r;1 (0,1 and " =0 if r,=0.
1 1
From Egs. (B.6) and (B.7), we get:
X, _ S0F1 . (by-Dsy P (.9)

Tk, b, $x. (- mz+szk2)2'g<
Eqg. (B.9) shows that the effect of the buyer’s piailistic ambiguityk, on his implicit reservation pric, is

equivocal. Wherr ,=0, the derivative ofX, (r ,=0) with respect tK, is equal to zero. This proves Proposition 1.
Next, we examine the effect of ambiguity aversiarttte negotiation threshold.

Qlﬁ&w it k,> 0 %%w if r,7(0,1]

r.l 1

Eﬁ%w if k,=0 It":{dizo ifr,=0

The effects off , andk, ond,, are equivocal:

N - X;S,(t) ﬂxzé 0 and fdk - XiS(t) 1X,> 0

2 > =0 . Note that M: 0 and
fir, X, Sy(t) Ir,< Tk, X,'Sy(t) Tk, < 1r,

o (1, = 0)
ﬂkz

0. This proves Propositic2

Appendix C- The subjective probability of negotiaton agreement under ambiguity

Since the seller is concerned about her costs hadbtiyer cares about his revenues, the negotiation
agreement probability should be determined by tbepectations of these quantities. Extending thglsi
prior analysis of Moon et al. (2011) to the caseuntertainty and NMEU ambiguity, we examine how
changes in ambiguity aversion and probabilistic igmiby affect negotiators’ subjective likelihood of
agreemen®, . As defined in Eq. (1)3(t) and S,(t) follow lognormal diffusions with ambiguous drifts
and the two-dimension probability density functiomder our subjective probability measures is (agsgia

possible correlation between costs and revenues):

32



exp{— i K logS — 4w Jz Z 99 (logS; — 44w )(10gS; = )+( logS,— (4 a j2:|}
2(1-2°) |\ o OO O

2Mmo OV 1= o SS,

where m, is the ambiguity-adjusted drift rate arsj, is the standard deviation db6gS under the

9(S,S) =

(C.1)

NMEU. My = (Zl' %Sf)t ’lerl(nl+sk1)+(l' rl)mw my = (Zz' %Sg)t v L= rz(rrb' SJ<2)+(1' rz)mz’

S\ = Si\/f, fori=1,2, O0t>0, 0400,. We write S and S, for §(t) and S,(t) . The subscriptN
implies log§ follows the normal distribution? is the correlation betweef, and S,. Ambiguity appears

in Eq. (C1) both through the numerator and denotama
We identify the process followed b§S, (e.g., Dixit and Pindyck, 1994):

d(SS) =(th—0bi+ t,~0 P+ 00 )SSet +(odB (1) +o dB @#)*)S$ (C.2)
where ¢ is defined byE[dB,(t)% dB,(t)%] = edt .

Since the NMEU value and standard deviation 8f under ambiguity are given by

NMEU (S) = S (0)exp(¢;t), std(S) = S (0)\/exp (it fexp§it ) we can write;

NMEU (SS,) = S(0)S,(0)exd €1+¢ +£00,)] (C.3)

In line with Moon et al. (2011) but considering ambty in seller’s costs and buyer’s revenues, the
correlation coefficient betweenS, and S,can be expressed as:

NMEU (S ;) -[NMEU (S)][NMEU (S,)]
std(S)std(S,)

_ exp(eoiot) - 1
JLexpeit)-1|[ expoit >

Thus, the subjective probability of negotiationesgnent under ambiguith},. is obtained as follows:

2=

(C.4)

P« =R«(X2X, and X<X, t)=Ry(S()<S and S)=S)

exol -1 Y, — L 2_29(Y1_,UJN)(Y2_,U£N)+ Yo ta ) (C.5)
SN AT o e 72 D vy
- JY; 270y, O N 1- 9 o

M, _ &S _siogx
wherev = '”ggl(on %* '”% %= s 05 " 1) 50

_ S, :: X s oo X . _ X
Y2 Ingsz(o)% Ing;-' :Vbz) 282(0);1. Sl (1' ]/bl) 1 ’ SZ (1' ]/bz) 2.
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The above (Eqg. (C.5)) indicates that the subjegihadability of negotiation success is not uniguew

considering parties’ real options, ambiguity avensand ambiguity, it once again depends on thesvalls

at time 0, the ambiguity multiplier or subjectiveliefs A;, the discount rate and the parameters of the
Geometric Brownian motion(s) followed y as defined in Eq. (1). When probabilistic ambigyik; ) is
greater than zero, there is a negative relationbleifveen ambiguity aversionr () and the subjective
negotiation agreement probability, where1,2. In the case of ambiguity averse negotiatcrrisT ((0,1)),
the subjective probability of negotiation successrdases with increasing ambiguity,(i =1, 2), reflecting

a conservative approach towards negotiation.

When revenues and costs functions are indepenithensubjective probability of negotiation agreement

simplifies to the following closed-form solution der ambiguity®,,, (confirming the interaction effects of

uncertainty aversion and ambiguity on negotiatierfgrmance):

. 1 ' 1,, £
X . Y, - (z- Esi)t - (2, Eszz)t;z
Paa = RS £ S)R(S,()2 S) = F st : - = (C.6)

1 2 e
[

1 1,00, B 1 1,00 B

oy e‘ 5%2' (2o >3 o)t EI/S 2\/f% v e‘ E%(r (zr- Esl)t#s 1‘/f%

whereP, (S,(t)2 S,) = Q, Gpsi)T dY,, R(S(ME S)= 0, (2ps )2 dy,
2 2 1

Appendix D- Asymmetric information and price negotation

We formulate the Lagrangian by considering the mtige compatibility constraint of the high type
agent and the participant constraint of the lowetggent as the follows (Grenadier and Wang, 200iaa,
2009):

by b
Ki =04 [%j (AzzHSL(t)_XH)"'(l_QH)(?j (AZZLS.L(t)_XL)

L
by by b
Z(t Z(t Z(t
+6 [QJ (Xu = A Sl(t))—(QJ (XL =AnS(D)) | +e: [QJ (XL =A1S(1))
Zy Z Z
The first order condition ofK; with respect to X, and X_ indicates thate =qg,; and
o ab
e =1-0g4 + Q4 (ij . Recallz. > z(t) andb, >b, based ona—z 0 in Supplementary Appendix F.

z(t) |

Then we know thag, >1. From the Kuhn-Tucker condition, constraints (25§ 428) are binding. We
Y
obtain the solutionX, ={/11H +(%) (A = A )] Si(t) and X, = A, Si(t).
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This implies X;, > A, Si(t) and constraint (27) does not bind. The first ordenditions ofK,; with

respect to z, and z mean  z, :% and z is the  solution to
- 2
(1_qH)Z|_m_h' (bL _1)A2|:ﬁ_2|_:|+quHZ(t)m_q (/1]_|_ _/11H): 0 . NOte /]1|_ >A1H and b|_ >l . TO
2
ensure the existence of solution, we assumezihatﬁ. To satisfy constraint (26)X,; should be
- 2

smaller thand, S(t) . Recall% >0 from Supplementary Appendix F. Ag,, < p, , we know thatz; <z,
. by
and (A — A )[1—(—”} } > 0. Then constraint (26) is satisfied.
Z
Consider the seller (principal) delegates the itmest timing decision to the buyer (agent). Theee a
two types of buyers. The probability of any buyetdmging to the good type categorygs We call the
buyer good (bad) if his ambiguity aversion aboweraies iso,q ( 0,5) With 0,5 < 0,5 . This indicates that

Ae > A,s. Let Ay andb, denote the NMEU-based ambiguity multiplier andi@ptvalue parameter of type

2
s agent, whereb, :%— %~ 9 +\/( 1 905 j + 20, Ors =1 Mg

2 2 o 2 2 2 21
g, —2£0,0,+0; 2 0,-200,t0] o, X200 ;40

/125: Pos +1_,025
M=t O0K, T—U;

, S=GorB. Assume thatz(t) <z . As b, and A,; are the buyer’s private

information, the seller asks for pricés based on the observable contract timma@s follows:

b bg
max %[%j (XG_/]lsl(t))*'(l_QZ)[%J (XB_/]lslt)),

Z,28,Xc,XB
be b
subject to: [%) (AezeSi(t)— Xs) = [%) (AszeSi(t) = Xz)

by bg
(@j (/]ZBZBSl(t) - XB) > (@j (/]252631('[) - XG)
Zs Z
z2t) "
(—j (ZG/]zesl(t) - XG) 20
Z

bg
(ﬂj (ZB/]zle(t) - XB) >0

B
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bs Ay

Using the same logic as above and wizgr» , the incentive policy under asymmetric

(bB _1)/123
information concerning the buyer’s type can be robdi by
X 2o Xy = | Do (Y, S ere 7 i th
Z6,Xc,25,X) = W, AacZs = (/12@ /]23)28 Sit) 25, A52:S:¢)| . where 7z is the
2G B
solution o (1-q2)AZB(bB-1)28%-%-{ﬁ-z+(be-])qzz(t)be-bs(AZG-AZB):o . From
2B

Supplementary Appendix F, we ha\%— >0 and 9%z >0. Then we know tha{ai >0 and 9% >0,
) 0P, o j2)

a—ZGEO anda—zezo.
£ Poc
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