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Abstract

We find the optimal time for exercising a jointly held investment option. When the
input market is competitive, the investment can take place earlier, later, or exactly
when the optimal investment threshold is reached depending on how the option
holders interact and on the bargaining power distribution. When instead the input
supplier has market power, the game-theoretic framework downstream is shown
to be of secondary importance. The timing effect that is attributed to the vertical
relationship is always prevailing, which dictates the inefficient postponement of the
investment.
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1 Introduction

Innovation is an important factor for a company’s success and a crucial explana-
tion for observed differentials in performance (McGrath and Nerkar 2004). Con-
sequently, a fundamental problem that a firm faces has to do with the decision to
invest in a new product or technology. These managerial decisions are characterized
by risky, irreversible and lumpy investments that are often beyond the resources of
a single firm (Chesbrough and Schwartz 2007). As a result, an investment partner is
frequently sought (Kogut 1991; Scott 1996). According to Quinn (2000), using part-
nerships “companies have lowered innovation costs and risks by 60% to 90%, while
similarly decreasing cycle time and leveraging their internal investments by tens to
hundreds of times”.

Investment partnerships might take the form of joint ventures, venture capital
investments, strategic alliances, or mergers. Irrespective of the exact nature of the

P4 Dimitrios Zormpas
dimitrios.zormpas @unibs.it

Department of Economics and Management, University of Brescia, C.da S. Chiara, 50,
25122 Brescia, Italy

@ Springer


http://orcid.org/0000-0002-7368-0882
http://crossmark.crossref.org/dialog/?doi=10.1007/s11151-020-09784-w&domain=pdf

514 D. Zormpas

partnership, the reasons that motivate it are common: When joining forces with
another firm, a potential investor anticipates financial returns and/or future growth
opportunities.'

The real options approach is a standard framework for the analysis of such oppor-
tunities. It builds on the idea that the option to undertake an investment that is char-
acterized by uncertainty and irreversibility is analogous to an American call option
on a real asset. Hence, the potential investor needs to factor in that, at the time of
the investment, he forgoes the option to reconsider the investment decision at some
future time point when the uncertainty will be, naturally, partly resolved.> This
means that apart from the investment cost, there is also an opportunity cost that the
investment needs to pay for.

The standard real options model does not account for investment partnerships.
However, there is a growing body of papers that analyze investments that involve
two or more parties that can generate a surplus by jointly exercising an investment
option. In spite of the differences in their analyses, what these papers share is the
assumption that the inputs that are required for the investment to take place are com-
petitively priced.

The key originality of our work is as follows: We discuss the optimal exercise of a
jointly held investment option and explicitly assume that the input supplier has mar-
ket power. Our analysis evolves as follows: We first present the case where the input
market is competitive and the investment option is held by a single party. This con-
stitutes our standard of comparison. Then, we discuss an investment option that is
jointly held by two parties. We assume that the two option holders first agree on how
to share the surplus that is generated by the project and then one of them chooses the
timing of the investment. The sharing rule is chosen, either cooperatively, using a
Nash bargaining solution, or non-cooperatively.

In line with the extant literature we show that when the input market is competi-
tive the investment can take place before, after, or exactly when the optimal invest-
ment threshold is reached. This depends on the way the two parties interact coopera-
tively or non-cooperatively and on the bargaining power distribution. When instead
the input market is non-competitive, we show that, irrespective of the game theoretic
framework downstream, the investment takes place inefficiently late.

The main message that the paper conveys is that, as soon as the completion of the
investment depends on the provision of an input by an upstream firm with market
power, the way that the two option holders interact (non-cooperatively versus Nash
bargaining) is of secondary importance since the investment timing is always dic-
tated by the presence of the input supplier. This result highlights the importance of
the nature of the input market (competitive or non-competitive) when considering
jointly held investment options.

The remainder of the paper is organized as follows. In Sect. 2 we present an over-
view of the related literature. In Sect. 3 we present the model set-up and demonstrate

! See e.g., Martin (1994), Dushnitsky and Lenox (2005a), Smit and Trigeorgis (2006), Reuer and Tong
(2007) and Vrande and Vanhaverbeke (2013).
2 See Dixit and Pindyck (1994) for an overview.
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the connections with previous work. In Sect. 4 we introduce an input supplier with
market power, and Sect. 5 concludes.

2 Overview of the Related Literature

The real options approach has been used to study a variety of investment partner-
ships as, for instance: joint ventures (see, e.g., Kogut 1991; Li et al. 2008; Cvitani¢
et al. 2011; Banerjee et al. 2014; venture capital investments (see, e.g., Dushnitsky
and Lenox 2005b; Vrande and Vanhaverbeke 2013; Lukas et al. 2016); and merg-
ers and acquisitions (Folta and Miller 2002; Lambrecht 2004; Benson and Ziedonis
2009; Tong and Li 2011).

The most closely related work we have identified is in corporate finance and sup-
ply chain management: most notably, Cvitani¢ et al. (2011); Chen (2012); Lukas and
Welling (2014); and Banerjee et al. (2014).

Cvitani¢ et al. (2011) discuss a joint venture between a large company and an
entrepreneurial firm that consider the development of a new product. The two firms
need to agree on the timing and on the terms of the investment. Chen (2012) mod-
els a two-echelon supply chain that consists of one supplier and one retailer. The
two parties first negotiate over the capacity of the supply chain and then coordinate
in determining the optimal timing of investing in it. Similarly, Lukas and Welling
(2014) model the optimal timing of climate-friendly investments in a supply chain
framework and enrich the contribution of Chen (2012) by adopting a non-coopera-
tive game-theoretic setting. Last, Banerjee et al. (2014) develop a general framework
that embeds contractual arrangements that are analyzed in the extant literature as its
special cases.

Despite the differences in the adopted framework, what all these papers have in
common is the assumption that the input that is required for the investment to take
place is produced in-house, or, equivalently, is competitively priced. However, as
highlighted by Billette de Villemeur et al. (2014), this is not necessarily true. The
novelty of our work lies exactly in the analysis of the interaction between the option
holders given the presence of an input supplier with market power.

There are numerous real-world examples that fit this setting. An example that is
extensively discussed in the literature has to do with joint ventures in the pharma-
ceutical and biotechnology industries. Large firms with hefty budgets and large sales
networks seek alliances with small entrepreneurial firms. At the same time, a small
entrepreneurial firm will opt for a joint venture with a large firm if this means access
to resources that are too costly to acquire or manufacture (see Cvitanic et al. 2011).

Joint ventures like these often depend on the purchase of a patent or some type of
equipment from a specialized input provider with market power. For instance, Bil-
lette de Villemeur et al. (2014) discuss an investment in a plant that is dedicated to
the production of vaccines. In the example that they present, the specialized equip-
ment is a customized liquid nitrogen refrigeration unit. The cost of this piece of
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equipment represents 35-40% of the total plant construction cost and needs to be
purchased by a firm with a market share of 80%.°

One can also think of large infrastructure projects where an upstream firm with
market power is responsible for the provision of some basic infrastructure or input.
For instance, this is the case in the oil and gas extraction industries. Joint ventures in
the oil sector are common since they are used to share risk (see Kogut 1991). At the
same time, the relevant input market is composed of companies that are providing
the specialized infrastructure, equipment and know-how that is needed to explore
for, and extract, crude oil and natural gas (see e.g. Gong 2018). In the same vein,
Pennings (2017) refers to joint investments in a telecommunications network or a
real-estate project. In this case a specialized construction company is responsible
for the provision of an input e.g., a telecommunications network or a building that is
tailored to the needs of the future user.

Large-scale climate-friendly investments also fit in this setting. According to
Lukas and Welling (2014), large-scale green investments can depend on the partici-
pation of many firms even whole supply chains. At the same time, there is empirical
evidence that suggests that, for instance, when it comes to the production of electric-
ity from renewable energy sources, the input market can be highly concentrated (see,
e.g., Pillai and McLaughlin 2013; Rothwell 2009; and references therein).

In all of these cases we are dealing with jointly held investment options that
are dependent on the procurement of a piece of equipment or service from an
input supplier with market power. Our analysis applies to investments with these
characteristics.

3 The Model

In this section we begin with the description of the basic set-up, and then we make
the connection with the extant literature that discusses a competitive input market.
Table 1 summarizes the notation that the reader will come across in the following
sections.

3.1 The Basic Set-Up

A and B hold jointly the option to operate in a final market.* In order to do so, they
need to invest in an indispensable input that is produced by an upstream firm U. The
production cost of the input is / > 0, and its price is chosen by U.

As soon as the investment takes place, the project starts generating a cash flow
¥y, that fluctuates over time according to the following geometric Brownian motion:

3 See Billette de Villemeur et al. (2014, p- 119) for more details.
4 For the rest of the paper we use male pronouns for A and female pronouns for B.
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dy, _ _
— =adt+0dW,,y, =y (D)

Y

where: « is the drift; o is the instantaneous volatility; and dW, is the standard incre-
ment of a Brownian motion. A, B, and U are assumed to be risk-neutral with the
risk-free interest rate denoted by r > a. This assumption guarantees that the problem
that we are studying is economically meaningful.

The operating value of the project at the generic time # > 0 is:

e Vi
E r(s t)d —
t [[ yse S] r—a (2)

Without loss of generality, we assume that A is allocated with the right to exercise
the option to invest. As for the sharing rule, we discuss both a non-cooperative set-
ting in which B is the party that is choosing how the project value ri—’a is shared,
and a Nash bargaining solution in which A and B choose the sharing rule together.
In either case, B covers an exogenous share £ € (0, 1) of the investment cost and
receives a share y € (0, 1) of =, A pays the rest of the cost and receives the rest of
the operating value. e

3.2 Optimal Timing When the Input Market is Competitive

Since in this section the input market is by assumption competitive, the price and
the production cost of the input coincide. This allows us to focus on the interac-
tion between A and B. In Sect. 3.2.1 we discuss the case where A carries out the
investment on his own. Then, in Sects. 3.2.2 and 3.2.3 we discuss an investment that
requires investment from both A and B.

3.2.1 Solely Held Investment Option

Suppose that the investment option is solely held by A. The standard net present
value (NPV) rule suggests that it is optimal for A to invest as soon as YV = I(r — a)
is reached. However, A does not need to treat the investment opportunity as a now-
or-never decision. On the contrary, he has the option to delay the investment deci-
sion and reconsider it at some point in the future when the uncertainty that is associ-
ated with the generated cash flow will be partly resolved.

The real options approach accounts explicitly for the option-like nature of A’s
choice. According to the real options approach, A should delay the investment until
the project’s expected return is higher than the cost of the investment by a margin
equal to the option value of further postponing the investment decision (see, e.g.,

> For simplicity we assume infinite operations.

© The creation of the investment opportunity is not attributed to either A or B. In principle either A or
B (or both of them) can be the originator(s) of the project. For relevant examples see Jgrgensen et al.
(2006), Cvitani¢ et al. (2011), Chen (2012), Lukas and Welling (2014) and Banerjee et al. (2014).
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Table 1 Notation

A, B, U

A and B are the investment option holders and U is the input supplier

Vi
dw,
1

>

Cash flow generated by the project at time ¢

Standard increment of a Brownian motion

Input production cost (parameter)

Drift of y, (parameter)

Volatility of y, (parameter)

Risk-free interest rate (parameter)

B’s cost share when the project is jointly held where & € (0, 1) (parameter)
Bargaining power of j € {A, B} where 1, + 1z = 1 (parameter)

Roots of 36%¢(¢ — 1)+ ¢ — r = 0 where § > land y <0

Investment threshold of a solely held project when the input market is competitive
Investment threshold of a solely held project when the input market is non-competitive

Investment threshold of a jointly held project when the project share is
non-cooperatively chosen and the input market is competitive

Investment threshold of a jointly held project when the project share is
non-cooperatively chosen and the input market is non-competitive

Investment threshold of a jointly held project when the project share is
cooperatively chosen and the input market is competitive

Investment threshold of a jointly held project when the project share is
cooperatively chosen and the input market is non-competitive

B’s project share when the project is jointly held (choice variable)
Non-cooperatively chosen project share when the input market is competitive
Non-cooperatively chosen project share when the input market is non-competitive
Cooperatively chosen project share when the input market is competitive
Cooperatively chosen project share when the input market is non-competitive
Input price (choice variable)

Input price when the input market is non-competitive and the project is solely held

Input price when the input market is non-competitive, the project is jointly held
and the project share is chosen non-cooperatively

Input price when the input market is non-competitive, the project is jointly held
and the project share is chosen cooperatively

McDonald and Siegel 1986; Dixit and Pindyck 1994).” Additionally, since in our
set-up all of the information about the future evolution of Eq. (1) is embodied in y,,
there exists an optimal investment rule of the form: “Invest immediately if y, is at, or
above, the critical threshold y* and wait otherwise”.® Given all of this, A’s value of
the option to invest is:’

7 Leahy and Whited (1996), Guiso and Parigi (1999) and O’Brien et al. (2003) present empirical evi-
dence supporting this argument.

8 See Dixit et al. (1999) for more details.

® See Dixit and Pindyck (1994, pp. 140-142).
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i 1
F = max { —I,——E |F(y, +d }
(yt) r—a 1+ rdt t[ (yl yt)] @)
The difference =— — I corresponds to the termination value of the investment: the
net present value of the project if the investment takes place at time ¢. On the other
hand, the term —F, [F (yt + dyt)] is the value that is associated with the postpone-
ment of the 1nvestment decision after z.
When the starting point of the cash flow is sufficiently low so that future, rather
than immediate, investment is preferred when y* >y Eq. (3) reduces to
1 . .
F(yt) = 7k [F(yl + dy,)], which can be written as: '

V2F +ayF, —rF =0. 4)

yy

This second-order homogenous differential equation needs to be solved subject to
the following conditions:

F(0) = 0; (3)
FO™) = —— -1 ©)
F'(y*) = — @)

Condition (5) arises from the observation that if y, goes to zero, then the net present
value of the project will become negative and consequently the value of the option
to invest in it should be equal to zero. Conditions (6) and (7) come from the consid-
eration of the optimal investment threshold y*. Eq. (6) is the value matching condi-
tion and suggests that as soon as A decides to exercise the investment option, he will
receive exactly — — 1. Eq. (7) is a standard smooth pasting condition. Unless Eq.
(7) holds at y*, A ‘would do better by exercising the investment option at a different
time point.

If we try Qy, as a solution of Eq. (4), we obtain Qy; <—62§(C )+al - r) =0.

Qyt is a non-trivial solution of Eq. (4) provided that ¢ is a root of the quadratic
D) = 2(:({ — 1D+ af —r. Since P(0) = —r < 0 and (1) = a — r < 0, one root
of ®({) must be non-positive and one to the right of 1. We call the former y and the

latter . Solvin %azc C-D+at-r=0 we obtain
/ 2
ﬁy———%i <%—%> +%Whereﬁ>landy§0.

Since Eq. (4) is linear in F and its derivatives, its general solution can be
expressed as a linear combination of the two solutions. The general solution to Eq.
(4) can be written as F(y,) = Q) + Q,y/ where > 1, y <0 and Q;, Q, are two

10 1f y* <y we have F (y,) = i—’a — I, and the problem can be solved with the use of the standard NPV
criterion.
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constants to be determined. For Eq. (5) to be satisfied we must have €, = 0, whereas
from Eq. (6) and Eq. (7) we obtain Q; = (ry_—a - I) ‘iﬁ > (0 and:

y*:ﬂfl(r—a)l. ®)

Summing up, the value of the option to invest at ¢ = 0 is equal to:

* B
F(y) = ( . —1><1*> : ©)
r—a y

The wedge y*/y"FV = f/(f — 1) > 1 reflects the impact of irreversibility and uncer-
tainty in the investment timing. The intuition behind this result is as follows: When
the investment option is exercised, there is an investment cost and an opportunity
cost that the project needs to pay for. While the investment cost has to do with
the mere realization of the project through the payment of I, the opportunity cost
is related to the foregone option to postpone further the investment decision. In an
evolving environment, time brings more information about the future prospects of
a project. Thus, as long as the opportunity to invest remains available, a later deci-
sion can be a better one. Nevertheless, it is not sensible for a potential investor to
abstain indefinitely from investing in a profitable project because an adverse turn of
events cannot be ruled out. As demonstrated in Eq. (8), it is enough for conditions
to become sufficiently favorable for the potential investor to exercise the investment
option and not delay the investment further (Dixit 1992).

As for the properties of f/(f — 1), since df/da,dp/dc,—df/or < 0,'' the
markup f/(f — 1) is increasing in ¢ and «, whereas it is decreasing in r. Hence,
the greater is the amount of uncertainty over the future values of y,, the larger is
the excess return f/(f — 1) that the potential investor will require before investing.
Similarly, a potential investor prefers to wait more before investing in a very prom-
ising project since the expectations are higher. Last, a decrease in the interest rate
discourages the investment. This happens because a lower r means that the future
is valued more by the potential investor. According to Dixit and Pindyck (1994, pp.
153-161) the markup f/(f — 1) can be substantial, on the order of 2 or 3 for many
investment projects.

3.2.2 Jointly Held Investment Option with a Non-cooperative Sharing Rule

Suppose now that the completion of the project depends on B who has to bear an
exogenous share & € (0, 1) of the investment cost. If we assume a non-coopera-
tive setting, the interaction between the two parties evolves as follows: At =0, B
credibly commits to contribute an exogenous share £ of the investment cost while
claiming a share y of the value of the project. Then, given the pair of & and v,
A decides the timing of the investment. This sequence of moves is encountered in

' See Dixit and Pindyck (1994, p. 144) for a detailed discussion with regard to
0p/oa,0p/dc,—0p/or < 0.
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various settings in the literature (see, e.g., Cvitani¢ et al. 2011; and Lukas and Well-
ing 2014).

As is common with this type of games, we solve backwards starting with the
time-deciding party A. The problem of A is similar to the one presented in the previ-
ous subsection. The only difference is that here the net present value of the project is
1- y/) 2L _ (1 = &) instead of 2= — 1. Usmg similar arguments we find that the
optlmal investment threshold is y(u/) —‘f(r )l = 1= ‘5 y* for any y that B

might choose.

Given that A will exercise the investment option as soon as y(y) is reached, B
needs to choose the compensation offer y that will maximize her expected net pre-
sent value. The problem of B can be written as:

max E0[< }’(il’) —51) ] (10)

ve©,1) r

where 7 := inf {t >0y, = )_)(l//)}. In words, B maximizes her expected net present
value accounting for the fact that the investment will take place at 7: as soon as y,
reaches the investment threshold y(y). Expression (10) can alternatively be written

12
max (2 g (L ' (11)
veon \Vr—a ) )

as:

Ep—2e+1
ﬂ g . . s . .
a)l = ==y* > y*. In words, a jointly held investment option will be

From the first-order condition we have W =
y= -
exercised, in expected terms, suboptimally later than a solely held one. This timing
distortion is attributed to the fact that the time-deciding party A receives only a share
of the project since the rest is the compensation that B claims for contributing ¢&.
Since the presence of B reduces A’s share of the surplus, A requires the total surplus
to be larger before investing and consequently chooses an investment threshold y
which is higher than y*.

Note that > &: B always claims a share that is larger than the one that she is
contributing. Even in the extreme case where £ — 0 we have é%y? = /—1} > 0. Since

; and, consequently,

A has no say in the choice of how the project is shared, B claims a positive share

irrespective of the magnitude of her contribution. As we will see in the next section

this is not the case when A and B bargain over y and A has some bargaining power.
Summing up:

Proposition 1 When the input market is competitive and the sharing rule is chosen
by B, the optimal investment threshold is y = l’%yy > y*: the project takes place

inefficiently late.

, 7
12 One can easily show that E, [e‘”] = ($) . See Lukas and Welling (2014, p. 452) and Dixit and
Pindyck (1994, pp. 315-316).
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3.2.3 Jointly Held Investment Option with a Nash Bargaining Sharing Rule

One could easily think of a situation where A and B choose the terms of the deal
together. For instance, A can be a wealth-constrained entrepreneurial firm and B a
venture capitalist. Alternatively, A and B can be two firms that have the option to
start a joint venture (see Jgrgensen et al. 2006).

In the following, in line with Banerjee et al. (2014), we assume that A and B
choose y as an outcome of Nash bargaining and then A decides the investment
threshold. The problem for A remains unchanged since, once the sharing rule is set,
A’s option to delay the investment is still alive. Consequently, A’s reaction function
is: () =y(w) = ﬁy*. As for the sharing rule, A and B bargain over y anticipat-
ing that A will invest as soon as $(y) is reached.

The Nash bargaining problem can be written as

g Mg
max E0[< y("’) 51) <(1— ry("’) (1-5)1) e—ff], (12)

-

where: n € [0, 1] represents the bargaining power of B; 1, = 1 — 5y represents
the bargaining power of A; and 7 := inf {t >0y, = y(w)} is the first time point at
which y, reaches the threshold y(y). 13 In words: The two parties choose the share y
that maximizes the conditional expectation of the product of their properly weighted
net present values, accounting for the fact that the investment takes place as soon as
¥(y) is reached. Note that the expression (12) is reminiscent of the expression (10).
In fact, the two coincide when #; = 1: when B has all of the bargaining power.
Using similar arguments, we can rewrite (12) as:

y(u/) b () ey N
o (222-6) (10 Z-0-0) () o»

; and, consequently, the

np(1=H+¢(F-1)

From the first-order condition we obtain y = s

investment threshold is y = : £ yr 14

Both ¢ and J increase in 7. The positivity of 0yr/dny is straightforward. It only
makes sense that an investment partner with high bargaining power claims a higher
compensation share.  can be as low as ‘5(5 D when np = 0 and as high as y when

ng = 1. Since 5(; < & <y, there must be some 7, between 0 and 1 for which g

becomes equal to &. Comparing ¥ and & we find that y = &£ when 7, = &.

As for the positivity of d9/0dny, the effect of 75 on the investment threshold
passes through yr. An increase in the compensation share results in an increase in
the investment threshold since 0y(w)/dy > 0 where, as we have seen above,
) = 1 ‘f y*. At the same time, we have oy /dnz > 0. Combining the two, we see

that when B has a lot of bargaining power, the share that she claims is high. A

13 As in Banerjee et al. (2014), we assume that the bargaining power distribution is exogenous.
14 Note that, as expected, we have § =  and § = § when = 1.
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accounts for this and in order to secure a sufficiently large payoff (1 — ti/)%a decides
to delay the investment by choosing a high $. On the contrary, if haprpens to be
low, this will be reflected inAa low . In this case, A will be able to secure a suffi-
ciently large payoff (1 — Ii/)%a without waiting too long.

In the special case where ¥ = ¢ and, consequently, | —y =1—¢&, we have
¥ = y*. In this case, it is as if the two parties are not sharing separately the project’s
investment cost and operating value but the project as a whole. A chooses

arg max <(1 - y/)% -(1- cj)])(i)ﬁ which thanks to @ =¢ is equal to
arg max <& -1 ) (i)ﬂ = y*: the investment threshold that maximizes the value of
the option to invest in the project.

Given that under nz = ¢ we have ¥ =& and consequently § = y*, and keep-
ing in mind that y is increasing in #, one can easily see that > y* when 5z > &:
ny <1—¢and y <y* when nz < & n4 > 1 —¢&. The intuition is as follows: When
the bargaining power of the time-deciding party is low (17, < 1 — &), he manages
to claim a small project share 1 — . In order to remunerate for the small 1 — i,
A chooses a higher investment threshold (§ > y*). The opposite happens when the
bargaining power of the time-deciding party is high since in that case the large 1 — §r
allows for an earlier investment since what is lost in terms of project size (§/(r — a))
is remunerated in terms of project share (1 — o).

Summing up:

Proposition 2 When the input market is competitive and the two parties bargain
over the sharing rule, the equilibrium threshold is y = ﬁ_—_fy*: The investment takes

place inefficiently late (early) when ngz > 5(113 < 5). The og)timal investment thresh-
old y* is obtained if ng = &.
4 Optimal Timing When the Input Market is Non-competitive

Suppose now that U has market power. In the following we analyze how the results
of the previous section change under this assumption.

4.1 Solely Held Investment Option When U has Market Power

As in Sect. 3.2, we start discussing the case where the investment option is solely
held by A. This will allow us to isolate the effect of a non-competitive input market

15 While here we assume that the two parties bargain over the ownership stake that B will receive, one
can also think of a compensation offer that is composed of both an ownership stake and a cash transfer.
Banerjee et al. (2014) prove that when only cash transfers are used, the investment threshold turns out to
be larger, or at most, equal to the optimal one. This is exactly what we find when 7, > &. They also prove
that when a combination of cash transfers and ownership stakes is used, the optimal investment threshold
is reached. This is what we find when 7, = £. Obviously, our assumption of a compensation offer with an
ownership stake as its only ingredient, comes at no loss of generality.

@ Springer



524 D. Zormpas

on the investment timing. Since the input market is non- competitive the net present
value of the investment project is not 2 - —1, as in Sect. 3.2.1, but = — p, where p
is the input price chosen by U. Apart from this, the problem for A remains identical
to the one presented in Sect. 3.2.1. Solving we obtain y,,(p) = ﬂf 1 (r — a)p.'® The

only difference between y,,(p) and y* is the price of the input: / when the input mar-
ket is competitive and p when it is not. As for the input supplier, in line with Billette
de Villemeur et al. (2014), we assume that U cannot observe the magnitude of y, at
any time point but can observe the structural parameters of Eq. (1) and, thanks to
this, can infer the investment timing that is chosen by the potential investor down-
stream. The input price is assumed to be chosen at time = 0 remaining constant
thereafter.!’

U chooses the p that maximizes its expected net present value at the time of the
investment. The problem of U can be written as:

m;lx E, [(p - I)e_”m] , (14)

where 7,, :=inf {t > 0ly, = ym(p)} is the first time point where y, reaches y,,(p).
Using similar arguments as in the previous subsection, we can rewrite (14) as:

y p
mfx@_”(ym(p)) ' (1)

From the first-order condition we find that the optimal input price is equal to
D = ;%1[ which in turn implies y,, = /%y*. There are two important points to be

made here: First, when the input market is non-competitive the input is (as expected)
more expensive: p,, > I. Second, a more expensive input results in an investment
that is further postponed ( Vi > y*). As Billette de Villemeur et al. (2014) point out,
this is a dynamic analog to the well-known static effect of double marginalization
and can occur whenever an input supplier with market power distorts the cost of the
input.

The fact that p,, /I is equal to f/(f — 1) a quantity that we first encountered in
Sect. 3.2.1 where we study the optimal exercise of a solely held investment option
under a competitive input market is not a coincidence. When choosing the price of
its output, U accounts for its demand, which is captured by A’s investment threshold
Yu(P) = %(r — a)p. A high p will increase the profit p — I but will result in the

postponement of the investment by increasing the investment threshold y,,(p).
Instead, a low p will reduce the profit p — I but will also result in a shorter waiting

16 The subscript m stands for “market power”.

17 Billette de Villemeur et al. (2014) show that if the upstream firm can observe the realizations of y,
over time, then it can dictate the optimal investment threshold y* by choosing an appropriate pricing rule
instead of a fixed price. In this case, U would be able to appropriate all of the benefits above the down-
stream firms’ reservation value. In our analysis we abstain from the consideration of this pricing alterna-
tive because the assumption of an upstream firm that can verifiably observe the realizations of y, seems
to us rather heroic. On the contrary, assuming that U has just some basic information about the diffusion
of y, seems more realistic.
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period. Solving problem (15) we find that it is optimal for U to choose a price
/(B — 1) times higher than /. This happens because the demand for U’s component
is exclusively coupled with a single investment project downstream and, as a result,
the same rules will govern the decisions of both the potential investor A and the
upstream supplier U. As in Sect. 3.2.1 where A invests as soon as y, becomes
B/(B — 1) times higher than y¥*V, here U chooses a p that at the time of the invest-
ment is #/(p — 1) times higher than /.

4.2 Jointly Held Investment Option with a Non-cooperative Sharing Rule When U
has Market Power

Suppose now that the project is jointly held by A and B. As in Sect. 3.2.2, B claims a
project share y and A decides the timing of the investment, given y.

The problem of A is similar to the one that he needs to solve when the project is
solely held. The only difference is that now the net present value is

(1- )}—’ — (1 = ¢&)p instead of }—’ - p Solving the corresponding maximization
problem we obtain y,(y, p) 71 11 j/(r —a)p, which is similar to

Yw) = ﬂ T (r a)l that we derived in Sect. 3.2.2.

Given that A will exercise the investment option as soon as ¥,,(y, p) is reached, B
needs to choose the compensation offer y,, that will maximize her expected net pre-
sent value. More precisely, the problem of B is:'®

S B
V(WD) y
max _ e — 16
we(O,1) <W r—a §p> <ym(y/,p)> (16)
which yields ¢, = ¢ = ¢ ﬁz?l.'g Given the investment threshold that is chosen by

A and the sharing rule that is chosen by B, the optimal input price p,, solves the fol-
lowing problem:2°

y s
max(p—])(_ ) . a7
p Yu(P)
Solving we find that the optimal input price is equal to p,, = %I , which in turn
implies:
- _ B B-E .

18 The derivation of the objective function in (16) is similar to the derivation of the objective function in
(11).

19 Note that the equality ,, = i suggests that the presence/absence of U does not affect the magnitude
of the optimal y. This has to do with the fact that A and B share the investment cost no matter if it is / or
p.

20 The derivation of the objective function in (17) is similar to the derivation of the objective function in

(15).
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Note that y,, > y > y*. This inequality is the result of two complementary forces:
The first is attributed to the interaction between the holders of the investment option,
A and B, which is captured by the term (f — &)/(f — 1) > 1, that appears both in y,,
and in y. The second is attributed to the market power of U, which is captured by
the term #/(f — 1) > 1that appears both in y,, and in y,,. This leads to the following
proposition:

Proposition 3 When U has market power and the sharing rule is chosen by B, the
optimal investment threshold is y,, > y. This inequality suggests that the time distor-
tion that is attributed to the market power of U complements the time distortion that
is attributed to the interaction between A and B resulting in the further postpone-
ment of the investment.

4.3 Jointly Held Investment Option with a Nash Bargaining Sharing Rule When U
has Market Power

As in Sect. 3.2.3 we now discuss the case where A and B determine the sharing rule
as an outcome of Nash bargaining. The problem of A is similar to the one presented
in the previous subsection since, once the sharing rule is set, A’s option to delay the
investment is still alive. Consequently, the investment threshold that is chosen by A
remains the same: ,,(y,p) =y,(y,p) = %;_;i(r —a)p.

As for the sharing rule, A and B bargain over y anticipating that A will invest as
soon as 9, (y, p) is reached:*!

~ g I 1=ng
max (wy—’"(””p ) —:p> ((1 -y —(1—5)19)

we(0,1) r—aoa

(L)ﬂ
j\)m(w’l )
i = BUZOHE-D 22 oo the

From the first-order condition we obtain W, = = iz

Sect. 3.2.3 we know that ¥, is an increasing function of 7, which becomes equal to
& when 57 = &. Last, given the investment threshold that is chosen by A and the shar-
ing rule that is chosen by both A andB, U chooses the optimal input price, solving:**

19)

y p
mfx@_”(mm) ' 20

2! The derivation of the objective function in (19) is similar to the derivation of the objective function in
(13).

22 This is analogous to the equality ,, = .

23 The derivation of the objective function in (20) is similar to the derivation of the objective function in

(15).
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From the first-order condition we obtain p,, = I%I which,?* in addition to v, =V,
results in:

_ b B-< .
ym_ﬂ—lﬂ—]’]};y. (21)

~

Proposition 4 When U has market power and A and B bargain over the sharing
rule, the equilibrium investment threshold is y,, > y*. This inequality suggests that,
irrespective of the magnitude of & and ng, the investment takes place inefficiently
late.

Note that, contrary to ¥ that can be larger, smaller, or exactly equal to y*, the
investment threshold y,, is strictly larger than y* irrespective of the magnitude of
ng €10,1] and & € (0, 1). This means that when A and B choose the sharing rule
cooperatively, the nature of the input market competitive or non-competitive deter-
mines whether it is possible for the investment to take place at, or before, y* or not.

Additionally, one can see that when & < #;, the inequality y,, > y* is the result of
two complementary forces. On the one hand, the relatively high bargaining power of
B (5 < 113) is reflected in a large project share for her (,,) and a small project share
for A (1 —,,). Since A is set to receive a small share of the project, he chooses
to delay the investment until a sufficiently high investment threshold ¥, is reached.
This intention to wait more is reflected in (f — &)/ (f — ’73) > 1 that appears in Eq.
(21). On the other hand, the high investment cost (p,, > ) favors the even further
postponement of the investment and this is reflected in #/(f — 1) > 1 appearing in
Eq. (21).

On the contrary, when & > #;, the inequality ,, > y* is the result of two oppos-
ing forces. One is again related to the presence of U who is distorting the price.
The other has to do with A who is thanks to the relatively low bargaining power
of B (¢ > 1) set to receive a relatively large cash flow share 1 —,, and this
makes him willing to avoid delaying the investment. This is reflected in the term
(B—&)/ (P —np) < 1that appears in Eq. (21).

Nevertheless, A’s willingness to avoid delaying the investment will never neutral-
ize the delaying effect related to the presence of U that is captured by g/(f — 1) > 1.
The reason is that while A chooses the investment threshold on his own, he still
needs to bargain with B when it comes to the choice of how the project value should
be shared. For J,,(y) = y* to be the case, the bargaining between A and B needs
to result in a y that is equal to (¢ —1)/(f — 1). However, §,, is always larger
than (B€ — 1)/(B — 1). Even in the extreme case where B has no bargaining power
(ng =0), ¥, is equal to &(f — 1)/(p — &), which is larger than (8€ — 1)/(f — 1) for
any ¢ € (0, 1).

The investment threshold 3,, approaches the optimal investment threshold y* only
when n; =0 and £ — 1. In this case, the time-deciding party A is basically

24 Note that p,, = p,, = p,, which means that U is indifferent to the way that A and B interact.
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participating in a costless project since the investment partner B will have to pay
almost all of the investment cost (¢ — 1) as soon as the investment threshold that is
dictated by A is reached. Notably, ém} W, (5 = 0) = 1: In spite of B’s lack of bar-

gaining power, she manages to claim a project share that approaches 100% when
& — 1. While this might seem counterintuitive, one needs to account for the fact that
in this case A is investing in an almost costless project whereas B has to cover almost
all of the investment cost on her own. A will not object to a “free lunch”, no matter
how small, whereas B will claim the highest return that she can get. In this case the
project is basically solely held by B since she is paying almost all of the cost and she
is claiming almost all of the generated value. A is choosing the optimal timing for a
project that is costless but results in a negligible return. In fact, A’s investment

R p
option value ((1 — q?m):_—a -(1- §)I)(yl) tends to zero for ,, > land £ — 1

evenif y, — y*.

5 Discussion and Conclusions

This work contributes to a growing body of papers that analyze the optimal exercise
of jointly held investment options. The extant literature focuses on the interaction
between the option holders discussing a variety of decision-making frameworks and
the sequences of moves. An assumption that is ubiquitous in this literature is that
the input market is competitive. In this work we relax this assumption discussing the
effect of an input supplier with market power.

We present two possible settings: In the first, one of the option holders chooses
the sharing rule, and the other chooses when to exercise the investment option. In
the second, the two option holders choose the sharing rule using a Nash bargain-
ing solution, and then one of them makes the exercise decision. In both settings we
find that the presence of an upstream firm with market power implies an investment
threshold that is #/(f — 1) times larger than what the extant literature anticipates:

In dm_ P (22)
y oy p-1
This result underlines the importance of the nature of the input market: competitive
or non-competitive. Unless the proper assumption is made, the investment thresh-
olds presented in the literature can be greatly underestimated.

We also show that when the input market is non-competitive the results are not
only quantitatively, but also qualitatively different. According to the literature a
jointly held investment option can be exercised before, after, or exactly when the
optimal investment threshold y* is reached depending on how the option hold-
ers interact and on the bargaining power distribution (Propositions 1 and 2). Here
we show that these findings depend on the nature of the input market. In particu-
lar, we show that when the input supplier has market power the investment takes
place always inefficiently late (Propositions 3 and 4). This means that the adverse
effect that is attributed to the vertical distortion is so strong that it makes the
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game-theoretic framework downstream (non-cooperative versus Nash bargaining) of
secondary importance.

Some extensions of this work could prove interesting: First, one can replicate
this analysis for more decision-making frameworks. For instance, what if the timing
decision is made first and the sharing rule is decided second (see the friendly merger
case in Lambrecht 2004)? Second, it would be interesting to see how a different
market structure upstream e.g., a duopoly would affect the overall analysis. Last, the
timing of an investment can be a socially sensitive issue. For instance, an investment
in production facilities for a new vaccine (Billette de Villemeur et al. 2014) or a
carbon dioxide saving investment project (Lukas and Welling 2014) are expected to
generate a flow of public benefits. Hence, a delay attributed to upstream market inef-
ficiencies can prove to be costly in terms of social welfare. One direction in which
this work could be extended is to model explicitly the impact of time discrepancies
on the total social welfare, accounting for the fact that a policy maker can use invest-
ment stimuli, such as subsidies or tax cuts, to manipulate the behavior of potential
investors and input manufacturers (see, e.g., Pennings 2000; and Maoz 2011).
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