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1 Introduction

It is well established that technological innovation, as well as, the timing of the adoption
and the diffusion of a new technology are fundamental determinants of economic development
and growth, since they crucially affect the markets’ performance, productivity and efficiency
(Krugman, 1994). However, theoretical and empirical studies suggest that the speed of the
technology adoption differs significantly not only, across nations but also, across similar firms
and industries, since the firms’ incentives to adopt a new technology, as well as, the timing
of the adoption crucially depend on the market features such as, the market structure, the
intensity of the market competition, the market’s power distribution, etc. (see e.g., Klette,
1996; Klenow and Rodriguez-Clare, 1997; Griliches, 1998; Sutton, 1998; Hall and Jones, 1999;
Gotz, 1999; Caselli, 2005; Klette and Kortum, 2004; Milliou and Petrakis, 2011). According to
empirical observations (see e.g., Lane,1991; Charlsson and Jackobsson1994; Helper 1995) the
vertical relations in a market such as the customers/suppliers relations, affect significantly the
firms’ decisions to adopt a new technology with closer relations and "relational contracting"
to enhance the incentives of technology adoption.

In this paper, we investigate the firms’ incentives to adopt a new cost reducing technology
in vertically related markets under alternative upstream market structures (i.e., upstream
separate firms market structure, upstream monopolistic market structure), as well as, the
effects of the vertical relations on the firms’ timing of the technology adoption. In particular,
the present paper aims to answer the following three questions. First, are there any downstream
firms’ incentives to adopt a new cost reducing technology in vertically related markets? Second,
how does the timing of the technology adoption differs between alternative industry structures
(i.e, one-tier vs. two-tier industries)? Third, how do the different upstream market structures
(i.e., upstream monopoly vs. upstream separate firms market structure) affect the speed of the
technology adoption?

To address the above questions, we consider a vertically related industry consisted either by
two upstream and two downstream firms or by an upstream monopolist and two downstream
firms. The trade relations between the upstream and downstream firms in the two by two
scenario are exclusive, while the trade is conducted via two-part tariffs contracts. Downstream
firms are initially endowed with the same production technology when a new cost reducing

technology appears in the market. If a downstream firm adopts the new technology first in



the market, it enjoys a competitive advantage over its rival due to the lower marginal cost
of production that the adoption of the new technology implies. Instead, if a downstream
firm adopts the new technology on a later date, it enjoys lower adoption costs either due
to economies of learning or basic research adoption process innovation. The sequence of the
movements are given as follows. At the initial date ¢ = 0 downstream firms precommit to a
specific technology adoption date at which the technological change will be fully implemented.
At each date t > 0, there are two stages. In the first stage, upstream firm(s) negotiates with
the downstream firms over the trading contract terms. In the second stage, downstream firms
compete by setting their prices.

We show that, in vertically related markets both under upstream separate firms market
structure and upstream monopolistic market structure, downstream firms always have strong
incentives to adopt the new technology. Further, in line with the one-tier industries, we find
that in the equilibrium there exists technological diffusion, that means that, the speed of the
technology adoption alters significantly between similar firms of the same industry. Moreover,
we demonstrate that the timing of the technology adoption in two-tier versus that of the one-tier
industries alters significantly with regard to the intensity of the final market competition, the
drasticity of the new technology on reducing the downstream firms’ marginal cost of production
and the bargaining power distribution in the market. In particular, we show that independently
of the upstream market structure, in vertically related markets technology adoption occurs
earlier than in a one-tier industries, if and only if, the bargaing power of the upstream firm(s)
is low enough, the final market competition is fierce enough and the new technology is not
extremely drastic. The intuition behind this result is driven by the two opposing effects that
the vertical relations generate, named as the output effect and the subsidization effect. In
more details, under vertically related markets the wholesale prices that the downstream firms
pay to their respective upstream partner(s) lead to higher prices than those obtained under
one-tier industries and therefore, given the negative price-output relationship, lead to lower
firms’ output production. Clearly, the lower firms’ output production in the vertically related
markets, or in other words, the output effect of the vertical relations, tends to diminish the
firms’ speed of adoption of the new technology, since the cost reduction of the new technology
will be applied to a lower volume of production. Further, the vertical relations in a market
give rise to an additional effect named as the subsidization effect, that captures the fact that

when the upstream firm(s) possess low bargaining power in market, the downstream firms are



being subsidized by the upstream(s) via the fix fees. The latter along with the fact that the
subsidies are higher when the downstream firms adopt the new technology, makes the adoption
of the new technology under vertically related markets more attractive and thus, it tends to
increase the downstream firms’ speed of the adoption. Clearly, when the bargaining power of
the upstream firm(s) is low enough, the final market competition is fierce enough and the new
technology is not too drastic the subsidization effect dominates the output effect and thus, the
downstream firms’ adoption of the new technology takes place earlier in two-tier industries
than in the one-tier ones.

As far as the effects of the alternative upstream market structures on the speed of the
technology adoption are being considered, we show that independently of the upstream(s)
bargaining power in the market, under upstream monopolistic market structure the first tech-
nology adoption takes place earlier than under upstream separated firms market structure, if
and only if, the drasticity of the new technology is sufficiently high and the final market com-
petition is fierce enough. Interestingly enough, this finding suggests that a more competitive
upstream market sector, such as separated upstream firms does not always force the speed of
the downstream firms adoption of the new technology.

There is an extensive theoretical literature that examines the firms’ timing of technol-
ogy adoption and the diffusion of a new technology in alternative markets (see for example,
Reinganum, 1981a&b; 1983a&Db; Fudenberg and Tirole, 1985; Hendricks, 1992; Riordan, 1992;
Hoppe and Lehmann-Grube, 2001; Ruiz-Aliseda and Zemsky, 2006; Milliou and Petrakis 2011).
In particular, Reinganum (1981a, 1983a&b) was the first to show that in a market with ho-
mogenous products and Cournot competition a new technology is diffused over the time when
the firms precommit to specific dates of adoption. Similarly, Gotz (1999) demonstrates that in
a market with differentiated products firms adopt the new technology at different dates, while
increased competition promotes the diffusion. More recently, Milliou and Petrakis (2011), show
that the timing of the adoption of a new technology could differ significantly not only, among
similar firms but most importantly, among markets with alternative market features (i.e., mode
of competition, the degree of product substitutability). In more details, they demonstrate that
technology adoption can occur earlier in a market with Cournot competition than in a market
with Betrand competition, while it can also occurs earlier in markets where the products are
not close substitutes. However, to the best of our knowledge, all of the existed theoretical

research and analysis over the firms’ timing of adoption and the diffusion of a new technology



has been restricted in one-tier industries. Thus, the present paper extends the existed litera-
ture by examining the firms’ timing of adoption in vertically related markets, under alternative
upstream market structures, in order to analyze how the vertical relations, as well as, the al-
ternative upstream markets structures could affect not only, the firms’ incentives to adopt a
new technology but also, the speed of the firms’ adoption of the new technology comparing to
that of the one-tier industries.

Further, our paper is related to the limited empirical literature that examines the effects of
the vertical relations and in particular, the effects of the customers/suppliers relationships over
the firms’ adoption of a new technology. Dore (1983,1986) has provided some evidences that
show that the increased security and trust between customers and suppliers in the Japanese
market due to "relational contracting" lead to more technology investment and more rapid
flow of the technology information. Lane (1991) has examined the adoption of Continuous
Mining Machines (CMM) in the U.S. coal industry and found that the companies which are
vertically integrated to their costumers are more likely to adopt the CMM technology. Carlsson
and Jacobsson (1994) have analyzed the adoption of the Automazation Technological Systems
(ATS) in the Swedish engineering industry and demonstrated that the adoption of ATS is higher
when customers/suppliers relations are closer. Helper (1995) has examined the adoption of
Computer Numerical Control technology (CNC) in the U.S. automotive industry and showed
that the closer suppliers/customers relations enhance the adoption of CNC. Although the
aforementioned literature focuses on the relationship between the technology adoption and
the consumers/suppliers relations in a market, it provides some initial evidences that vertical
relations and integration crucially affect the firms’ decision to adopt an new technology. Thus,
the present paper aims to contribute to that literature by providing a number of testable
implications that could be tested empirically regarding to the role of the vertical relations (i.e.,
input suppliers/ manufactures relations) on the adoption of a new technology, as well as, on
the speed of the adoption.

The remainder of the paper is organized as follows. In Section 2, we present our main
model. In section 3, we analyze and compare the firms’ technology adoption patterns in verti-
cally related markets with upstream separated firms market structure, upstream monopolistic
market structure and in one-tier industries. In Section 4, we conclude. All the proofs are

relegated to the Appendix.



2 The Model

We consider a two-tier industry consisting initially by two upstream and two downstream
firms denoted by U; and Dj;, respectively, with ¢ = 1,2. Upstream firms are input providers
with their marginal production cost being normalized to zero. Downstream firms are final
good manufactures, where one unit of input is being transformed to one unit of final good.
Trade relations between U; and D; are exclusive and trading is conducted via two part tariffs
contracts (w;, F; ), where w; denotes the wholesale price that D; pays per-unit of input to Uj,
while Fj;is the fixed fee. Each D; sells its’ final good to the consumers facing the following
demand function:

(0= p) = 1(a—p)
1—~2 ’

¢ = i,j=1,2,i#j; 0<y<1 (1)

where ¢; and p; are respectively D;’s output and price. The parameter v denotes the degree
of the product substitutability. The higher is -, the closer substitutes are the final products,
or in other words, the fiercer is the final market competition (Vives, 1985).

We assume a continuous and infinite time horizon denoted by, ¢ > 0. Initially, downstream
firms are endowed with the same constant returns to scale production technology with their
marginal production cost given by ¢; = ¢ 4+ w;, where ¢, 0 < ¢ < «, denotes an exogenous
constant marginal cost. At date ¢ = 0, a new cost-reducing technology becomes available in
the market. If D; adopts the new technology, it decreases its marginal production cost by A,
that is, ¢; = w; + ¢ — A with, 0 < A < ¢. The cost that firm D; incurs at date t for adopting
the new technology, is given by k(¢). This cost combines both the present value of the cost of
purchasing the new technology and the adjustment cost of bringing the new technology on line
at date t, that is given by k(t)e", where r, denotes the interest rate, 0 < r < 1. In line with,
Fudenberg and Tirole (1985) and Katz and Sharipo (1987), we assume that the cost of adopting
the new technology is decreasing over the time with a decreasing rate (i.e., (k(t)e’*)" > 0 and
(k(t)e™)” > 0). Further, we assume that immediate technology adoption is prohibited due to
extremely high cost (i.e., lim;_0 k(t) = c0), while the technology adoption always occur at a
finite time (i.e, lim;—0 k() = 00). Last, as standard in the relevant literature, we assume that
no other technological improvements are available in the market.

We consider two alternative scenarios with regard to the upstream market structure named



as, the upstream separate firms case (in terms of notation, ST) and the upstream monopoly
case (in terms of notation, MT) where, in the latter case, the upstream market sector is
being monopolized by a single firm that trades with both downstream firms separately and
simultaneously. The sequence of the moves under both cases is given as follows. At date
t = 0, each downstream firm D; precommits on a specific adoption date, T;, at which the
technological change will be fully implemented. At each date ¢ > 0, there are two distinct
stages. In the first stage, the upstream firm(s) negotiates with their respective downstream
partners over the trading contract terms (w;, F;). For sake of simplicity, we assume that the
distribution of the bargaining power across the vertical chains is identical, with the bargaining
power of the upstream firm(s) given by § and the bargaining power of the downstream firms
given by 1 — 3, with 0 < 8 < 1. In the second stage, downstream firms compete by setting
their prices.

In order to ensure that all the participants in the market are active under all the configu-
rations considered the following assumption should hold throughout the paper:

Assumption 1. v < v(8), where y(6) = [—(1 + ) + /8 + (1 4+ 0)?] with § = A/A and
A=a—-c

where, the parameter A measures the relative size of the market, while the parameter §
denotes how drastic is the technological improvement, or, in other words, the effectiveness of
the new technology on decreasing the firms’ marginal production cost relatively to the market
size. The higher is §, the more effective is the technological improvement in decreasing D;’s

marginal cost of production.

3 Equilibrium Analysis

3.1 The Benchmark Case: One-tier Industry

We begin our analysis by briefly presenting the benchmark case that corresponds to the case
of one-tier industries where, in line with Milliou and Petrakis (2011), in a duopoly market the
firms decide the date of the adoption of the new technology and then, they compete by setting
their price. Thus, at date ¢ > 0, each firm ¢ chooses its price p;, taking as given the decision

over the price of the rival firm p;, in order to maximize its per -period gross profits:
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The first order conditions give rise to the following reaction functions,

ng() _ (1 _7)a;6i+7pj (3)

Thus, the per-period prices and the firm 4’s gross profits are given respectively by:

[piB(Ciacj) - Ci]2
(1-19%)

Observe here that when firm ¢ adopts the new cost reducing technology (i.e., ¢; = ¢ — A) both

@2+y)d—ya+2c+ye g\
4_72 ) T ()_

(4)

pz‘B(Ci’ Cj) =

its’ own price, pZB, and the rival’s firm price, pf, decrease.

At the date t = 0, firms precommit to their adoption time TZ-B, in order to maximize their
discounted sum of profits, Hf” (TiB , TJB ). Without loss of generality, we assume throughout the
paper that when firms adopt the new technology sequentially, then firm 1 adopts it first. The

discounted sum of profits are given by:

T8 T8 S
Magz TIP() = / et —|—/ et +/ e rtdt — k(TP) (5)
TP 0 B TB
Ty T 00
Maz 15 () = / e dt —l—/ W?e_”dt +/ e tdt — k(TP) (6)
Ty 0 TB TB

where, 78 = 7B(c,c) are the pre-adoption gross profits of the firms, 77 = 7%(c — A,c — A)
are the per-period gross profits when both firms have adopted the new technology, TI'ZB =
7B(c— A, c) and 77]]? = 18(c,c — A) are respectively, the per-period gross profits of the firm
that has already adopted the new technology -the leader- and those of the firm that has not
yet adopted the new technology -the follower-.!

From the first order conditions of (5) and (6), we obtain

1B = —K/(TBYe ™ and I = — K/ (TP)e "™ (7)

where, IP denotes each firm’s incremental benefits of the technology adoption (i.e., If =

'For the detailed presentation of the expressions please see at the Appendix A1.1



7TlB — 7 and I8 = 77{)3 — Tr}B ). Clearly, by the equation (7), the optimal adoption date, T},

should equalize to the firm’s incremental benefits from the technology adoption to the marginal
cost of waiting. Thus, using the equation (4), the incremental benefits in the benchmark case

are given by,

o 92=ARA =72 +7)+(2 =) ()
' (1—72)(4—~2)?

B 92=ARA =72 +7)+0(2 =77 = 29)] ()
? (1-72)4 —~2)?

Notice here that, IiB > 0 always hold. That is, firms always have strong incentives to adopt
the available cost reducing technology, with I (IP) being U shaped (inversed U shaped,
respectively) related to the degree of the final market competition, 7. Moreover, we observe
that, I? > IP. That means that the first adoption is more beneficial than the second one
and thus, given the assumptions over the cost of the technology adoption k(t), the optimal
adoption dates in the benchmark case are such that, TlB < T QB. Therefore, in the equilibrium

there exists technological diffusion.

3.2 Vertically Related Markets

We proceed now with the analysis of our basic model where in the second stage of the repeated
game at date t > 0, independently of the upstream market structure, each downstream firm D;
chooses its price p;, taking as given the rival’s downstream firm price p;, in order to maximize

its per period gross profits given by:

(@ —pi) —y(a —pj)

Maz mi(.) = (pi — ci — w;) g (10)
The first order conditions give rise to the following reaction functions,
1— 4 . .

Comparing the reaction functions in the vertically related markets, RlV , with the respective
E

ones in the benchmark case, R;”,

in which only the right part of the eq. (11) appears, we
observe that the wholesale price that the downstream firms pay to their upstream partner(s)

under vertically related markets, shifts the reaction functions of the vertically related markets



upwards, that in turn, given that the reaction functions when firms compete in prices are
upward slopping, leads to higher prices and lower firms’ output production than in those of
the benchmark.

Solving the system of the reaction functions (11), the equilibrium price, output and down-

stream firms’ profits in the second stage are given respectively by,

(2-+9)(1 = Yo+ 2ei +w) + (e +wy)

pi() = 2 (12)
—Ya—(2—9%)(c; +w; cj + wj
() = lpi — i —wi]? (14)

1—~2

Note here that, an increase in the wholesale price, w;, tends to increase D;s price, while it tends
to decrease its output production. The opposite holds when D; adopts the new technology due
to the lower marginal production cost that the new technology implies (i.e., ¢; = ¢ — A).

In the first stage of the game at date ¢ > 0, upstream(s) and downstream firms bargain
over the trade contract terms. Given that the bargaining game alters significantly between
the case of upstream separate firms and the case of upstream monopoly in what it follows we

analyze the two cases separatively.

3.2.1 TUpstream Separate Firms

In this subsection we consider the case where in the market exists two separate upstream input
suppliers. In the first stage of the game at date ¢t > 0, each U; and D; pair negotiates over the
trading contract terms, (w;, F;), taking as given the outcome of the rival’s pair simultaneously

run negotiation (wa, FjST), in order to maximize the generalized Nash product:

Magz[my, + F)Plrp, — F]'™° (15)

)y and 7p, = [gi(w;, w?T)]?. Note here that, given the assumption of

where, 7y, = wig;(wi, w;T 5

J
exclusive trade relations in the market, neither U; nor D; could achieve an agreement with an
alternative trading partner and thus, the disagreement payoffs equal zero.

Maximizing (15) with respect to Fj;, we obtain:

F; = Brp, — (1 = B)my, (16)



where, by substituting (16) into (15), we observe that the net profits of U; and D; are given as
the shares of their joint surplus, S = 7y, + mp,,that correspond to their respective bargaining
powers (8, 1 — (). Thus, the generalized Nash product can be rewritten as function of each
vertical chain’s joint surplus, while the wholesale prices are chosen such to maximize this

surplus,

Maz8 = [a— gi(wi, wj") = yg;(wi, wj"))gi(wi, w;T) (17)

From the first order conditions of (17), the equilibrium per period wholesale prices are given

respectively by,

[a(l =) (4427 =93 +¢j7(2—792) —ci(4 = 3y?)]y? ci=corc=c—A
16 — 1272 + A2 )

’UJST(

Civcj):
cj=corcj=c—A

(18)
where, using the eq.(18), the equilibrium wholesale prices in the pre adoption periods are given
by, w()gT = wST(c, ¢), the equilibrium wholesale prices in the post adoption periods are given
by, wbST = w5 (c— A, c— A), while wlST = w9 (c — A, c) and w?T = w5 (¢,c — A) denote,
respectively, the equilibrium wholesale price charged on the leader and the follower firm.?
Observe, by the eq.(18) that the equilibrium wholesale prices are independent of the bar-
gaining power, since they are chosen in order to maximize the joint surplus of each vertical
chain, while they are inversed U-shaped related to the product substitutability degree, ~.
Clearly, the closer substitutes the products are, the fiercer is the final market competition that
in turn, intensifies the upstream market competition and leads upstream firms to set lower
wholesale prices in order to enforce their downstream partners position. In more details, a
reduction in the wholesale price tends to shift the reaction function of D; rightwards that,
given the upward slope of the reaction functions, results in lower price and higher output
production for the D; firm and lower output production for the rival firm, D;. Further, we
observe, wlST > w;]gT > ng > w?T. That means that, the upstream firms set higher wholesale
prices to the downstream firms that have adopted the new technology. This is so, since the

upstream firms use the wholesale prices as an instrument in order to extract part of the higher

2For the detailed presentation of the expressions please see at the Appendix Al.2
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per period gross profits that their downstream partners obtain, due to the reduction of their
marginal production cost that the adoption of the new technology implies. Yet, we observe
that the wholesale price of the leader firm in adopting, wlST, as well as, the wholesale price in
the post-adoption periods, wa, are increasing in A. That means that, the more effective is
the new technology on reducing the downstream firms’ marginal cost of production, the higher
are the wholesale prices that the upstream firms set on their respective technological advanced
partners. On the contrary, the wholesale price of the follower firm, wa, is decreasing in A.
That is so, because the upstream partner of the follower firm is willing by setting a lower

wholesale price, or in other words, by decreasing the per-unit input price of the follower, to

keep the latter active in the final market.
Lemma 1 In vertically related market with upstream separate firms market structure,

i) The equilibrium wholesale prices increase when the downstream firms adopt the new tech-

nology.

i1) The equilibrium wholesale prices are independent of the bargaining power B and they are

inverse U-shaped in ~.

i11) The equilibrium wholesale prices of the leader firm in adopting, as well as, those when
both firms have adopted the new technology are increasing in A, while the opposite holds

for the wholesale price of the follower firm.

Using (18) and (12), it follows that the equilibrium per period prices and downstream firms’

gross profits are given respectively by,

2a0(4 — 27— 3v2+ %) — (2= H)[ci(7? —4) — 2¢j9] ci=corc—A
16 — 1292 + 44 ’

P (ci¢j) = (19)

cj=corc—A

21— 8)2 —)[a(4 =2y =372 + %) — (2 — )¢ — (4 — 39?)ci)?
(1 —=7)(v* = 1292 4 16)2

ST
mpi (¢iy¢j) = (20)
where, the equilibrium prices and gross profits in the pre adoption periods are given, re-

spectively, by, p3T = pT(c,c) and W%f = W%T(C, ¢). The equilibrium prices and gross prof-

its in the post adoption periods are given respectively by, pr = p°T(c = A,c — A) and

77%7; = W%T(C — A,c— A). The equilibrium price and gross profits of the leader firm are given

11



respectively by, pr =p3T (c— A, c) and 7'['% =3l (c— A, c), while p?T =p°T (¢,c—A) and

77%7} = F%T(C—, ¢ — A) are respectively, the equilibrium price and gross profits of the follower
firm.?

At the same time, the equilibrium per period upstream firms’ profits and the fixed fees are

given respectively by,

26(2 —9*)[a(4 =2y =37 +7%) = (2= ¥?)ye — (4 = 3]

"o (€ir ) = (I =7)(v* = 1292 + 16)? 2D
FST(cr, ) = (28 =7*)(2=7)a(l = 1)(A+2y = 7%) +¢(2y = 7%) — (4 = 3*))? (22)

(1 =) (v* — 1292 + 16)?

In particular, using (21) and (22), the equilibrium upstream firms’ profits and the fix fees in
the pre-adoption periods are given respectively by, WEOT = 17 (c,c) and F5T = F57(c,¢).
The equilibrium upstream firms’ profits and the fix fees in the post adoption periods given
respectively by, 7r(5] = 7TU T(c— A,c— A) and FlggT = FT (¢ — A,c — A). The equilibrium
upstream firm’s profits and the fix fees of the leader-follower periods are given respectively
by, ﬂ'g =5l (c — A,c) and FT = F5T (¢ — A ¢), 7T'Uf = 728 (c—, ¢ — A) and FST F5T
(c,c—A)A

Observe, by the eq.(22) that, FiST <0if, B < BfT = g with, 8'3

when the upstream firms possess relatively low bargaining power in the market they subsidize
their downstream partners by transferring part of their profits downstream via the fix fees. The
intuition behind the latter is that, when the upstream firms’ bargaining power is low, the power
to extract the fix fee is instead reversed and thus, it is the downstream firms that are benefiting
T
!

Clearly, the fix fees (subsidy, if g < Bf T ) when a downstream firm adopts the new technology

by extracting the fix rents. Further, it can be checked that !FZST‘ > ‘FbST} > ‘F§T| > |F?

always exceed the respective ones of the pre-adoption period. Intuitively, if 3 > ,BfT, the
upstream firms take advantage of their bargaining power in the market and set higher fix fees

to the technological advanced downstream firms in order to extract part of the higher per

ST
Be

period gross profits that the latter obtain. On the contrary, if 5 < , the technological

3For the detailed presentation of the expressions please see at the Appendix Al.2
4For the detailed presentation of the expressions please see at the Appendix A1.2
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advanced downstream firms are extracting higher subsidies by their upstream partners, with
the upstream firms’ losses due to the higher subsidies to be more than compensated by the

higher wholesale prices that they set to the firms that have adopted the new technology.

Further, after some mampulatlon we observe by the eq.(22) that, O (independently
OF ST
of v and 5) a‘iy < 0 67 < 0, B{y < 0 (if v is low enough, 1ndependently of #) and
ST
81;% > 0 87 >0, 8 > 0 (if v is high enough and (3 low enough). It is noteworthy here,

that when the final market competition is fierce and the upstream firms’ bargaining power is
low, FégT , FggT, F}gT are increasing in -y, or in other words, the subsidies are decreasing in
~. This is because, the upstream firms via a reduction in the subsidy are willing to outweigh
the reduction in the wholesale prices that the fierce final market competition implies and its’

S ST OF ST
negative effects on their profitability. Yet, a = >0, 6gA >0, A <0if g > BET, while the

opposite holds if BST < BCST. That means that, when the upstream firm(s) possess relatively
high bargaining power in the market, the more effective is the new technology on reducing
downstream firms’ marginal production cost, the higher are the fix fees that the upstream
firm(s) charge to their technological advanced downstream partners. This is so, since the
upstream firms take advantage of their high bargaining power in the market and transfer
upwards, via the fix fees, part of the higher downstream firms’ per period gross profits. In
contrast, when the upstream firms possess low bargaining power in the market, a more effective
new technology leads upstream firms to increase the subsidy on their technological advanced
partner(s). The losses of the higher subsidies are being more than compensated by the higher
wholesale prices that upstream firms charge to their technological advanced partners. Note
here that for the follower firm the inverse results hold. In particular, if 5 > Bf T the fix fees
charged on the follower firm decrease as the effectiveness of the new technology increase, while
if 6 < Bf T the subsidy that the follower firm obtain decreases. The intuition behind this result
is driven by the lower profitability that the follower firm obtain when its rival has adopted the

new technology.

Lemma 2 In vertically related markets with upstream separate firms market structure, the

equilibrium fixz fees exceed zero if, B > ,BCST, while the opposite holds if, 5 < ﬁCST.
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At date t = 0, the downstream firms choose their adoption date TZ-ST7 in order to maximize

their discounted sum of profits given as,

TlsT 00
Maz II57 () = / A / moLe "dt + / more "t — k(TYT) (23)
0 5T

5T 5T 0o
Maz TI57() = miletdt + mple"tdt + mple mtdt — k(TsT) (24)
T5T 0 ’ s T '
From the first order conditions of (23), we have that,
15T = —p(T5T)e ™" and 15T = —k(TST)e 72" (25)

Therefore, given that each downstream firm chooses the date of adoption, TiST, such that

the incremental benefits from the adoption to equalize to the marginal cost of waiting (i.e,

5T = 75T 7TJ@;T)

ST ST ST
I — T p

= and , the incremental benefits in the upstream separate

firms case are given by,
o1 _ 201 = B)3A%(3y* — 10y + 8)[2(1 —)(4+ (2 = 7)7) + (4 — 37°)]
' (1—72) (vt = 122 + 16)?

psr _ 21— BOAR2 — 97)(4 = 3921 — ) (A + (2= 9)7) +0(2 - 7)(2 = 27° — )]
2 (1—9?)(y* — 1292 + 16)?

(26)

(27)

In line with the benchmark case, IZ-ST > 0 always hold. That means that in vertically related
markets with separated upstream market structure the downstream firms always have strong
incentives to adopt the available cost reducing technology. Moreover, the first adoption is more
beneficial than the second one (i.e., I fT > I;T ) and thus, the equilibrium is characterized by
technological diffusion, (i.e., 7?7 < T5T).

Further, comparing the firms’ incremental benefits in the vertically related market with
upstream separated firms market structure with the respective ones in the benchmark case,
we observe that they can be higher or lower than those of the benchmark, depending on the
bargaining power, 3, the degree of the final market competition, v, and the drasticity of the

new technology, 6.
Insert Figures 1a and 1b

In particular, comparing the firms’ incremental benefits under the vertically separate firms
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related market, given in (26) and (27), with the respective ones of the benchmark case, given

in (8), we observe that, regarding the first technology adoption, in the equilibrium there

~ST 3 5 3 72 2 4 ~ ST
: — °[128-8(246) (v +4y—47")+(2+8) v+~ (8877 —192—-107")] : ST :
exists B, = DTGy B ) ey e e , with 8, < p2%, such that iff

~ ST ~ ST
B < By then, I{T > IP and thus, TPT < TP while, the opposite holds iff BT > B -

Further, regarding the second adoption, we demonstrate that in the equilibrium there exists
ST
B

A3 [8(246) (70 +4y—47?)— (248)7" +(146) (1075419272 —128—88+4)] . -,1. 25T ST .
27175 [(+D)(A-577) +2(148) (7~ 27) » With By~ < fic”, such that iff § <

~ S ~ S
ﬁgT then, IggT > IP and thus, TQST < T# while, the opposite holds iff 3 > ,6’2T. Notice here

that if 8 < By both I5T > IB and IST > IP hold and thus, 5T < T and TST < T5.

Put it in other words, we show that under vertically related markets with separate upstream
market structure the first and second technology adoption take place earlier than under one-tier
industries, when the upstream firms possess sufficiently low bargaining power in the market,
the final market competition is fierce enough and the new cost reducing technology is not too
drastic. The intuition behind this result is based on the two opposing effects that the vertical
relations generate in the market, named as the output effect and the subsidization effect. In
more details, according to the discussion over the reaction functions in the vertically related
markets and the benchmark case, we have that under two-tier industries the wholesale prices
that upstream firms set to their downstream partners lead to higher prices and lower output
production than the respective ones obtained under the one-tier industries. That in turn,
tends to postpone the adoption of the new technology by the downstream firms, since the cost
reduction of the new technology is applied to a lower volume of production. On the other
hand, according to Lemma 2, when the upstream firms possess low bargaining power in the
market, they subsidize their downstream partners via the fix fees, with the subsidy to increase
when the downstream firms adopt the new technology. The latter reinforces the downstream
firms’ incentives to adopt the new technology and tends to enhance the speed of the adoption.
Clearly, when the final market competition is fierce enough and the new technology is not too
drastic, the output effect becomes less stronger, given that according to Lemma 1, the wholesale
prices that downstream firms pay when they adopt the new technology are decreasing in ~,
while, they are increasing in A (or else, in §). Thus, when the upstream firms possess relatively
low bargaining power in the market, the final market competition is fierce enough and the new
technology is not too drastic, the subsidization effect dominates the output effect and therefore,
downstream firms adopt earlier the available cost reducing technology in the vertically related

market with separate upstream firms than in one-tier industries.
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Proposition 1 Vertically related markets with upstream separate firms market structure lead
to earlier first and second technological adoption than one-tier industries, if and only if, the
final market competition is fierce enough, the upstream firms’ bargaining power is low enough

and the new technology is not too drastic.

3.3 Upstream Monopoly

In this subsection we extend our analysis considering the case of vertically related markets
with monopolistic upstream market structure. In the first stage of the game, at date t > 0, the

upstream monopolist U negotiates with each downstream firm D; over the contract terms (w;,

F;) taking as given the outcome of the simultaneous run negotiation with D; (wj-\/[T, FMTY in
order to maximize the generalized Nash product:
Magz[ry + F, + FMT — d(w)'™, FMT)Prp, — F;)' P (28)

Wy, L'
Note here that, the profits of the upstream monopolist are now given by the sum of its
sales on both downstream firms, that is, 7y = wiqi(wi,wMT) + wMqu (wi, w jMT) while, each

MT)] Note also that, in contrast to the

downstream firm’s profits are given by, 7p, = [gi(w;, w
upstream separate firms case, under monopolistic upstream market structure the disagreement
payoff is no longer null, since the upstream monopolist has an "outside option" if an agreement
between a (U, D;) pair is not reached. Thus, the upstream monopolist faces a disagreement

payoff given by,

d(ijT FMT) MT MON+FMT (29)

e wMT
where, qJM ON — % is the output produced by the monopolistic downstream firm D; in

case of disagreement between the (U, D;) pair. In more details, if an agreement between U
and D; can not be reached, the upstream monopolist is expected to obtain the revenues by the
input sales on the remaining downstream firm D; (i.e, wMTqJMON ) plus the fixed fee, F' ]-MT.
That means that, a breakdown in the (U, D;) pair, does not give rise to new negotiations over
the contract terms of the remaining (U, D;) pair.

Maximizing (28) with respect to Fj, we have that,

F; = Brp, — (1 = B)[ry — wMT g}V (30)
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Substituting (30) into (28), we obtain that the net profits of the upstream monopolist, above
its disagreement payoff, and the net profits of each downstream firm, D;, are proportional to
their joint surplus, S™ = 7y + TD; — wé\/[quwON, with the coefficients of proportionality to be
given by their bargaining powers 8 and 1 — (3, respectively. Thus, the wholesale prices w; are

chosen in order to maximize this surplus:

O
J\{U?SUSM = [a — g;(wi, wj"™) = vgj(wi, wi')gs (wi, wi'™) + wi [g; (wi, wi™) — ¢}ON] (31)
From the first order conditions of (31), the equilibrium per period wholesale prices are given
respectively by,
(a —ci)y?

wMT (¢;) = —G=cor ci=c—A (32)

where, using the eq. (32), the equilibrium wholesale prices in the pre adoption periods, as
well as, the equilibrium wholesale price of the follower firm are given by, w(])”T = ch\/[T =
wM T(c), while the equilibrium wholesale prices in the post adoption periods and the equilibrium
wholesale price of the leader firm are given by, wé\/f T — wlM T = wMT(c— A).

Further, by the eq. (32), we observe that the equilibrium per period wholesale prices are
independent of the bargaining power, 8, while they are increasing in the product substi-
tutability degree, v. Clearly, contrary to the separate upstream firms case where the wholesale
prices are inverse U- shaped related to the degree of final market competition, in the upstream
monopolist case the wholesale prices are always increasing in v due to the lack of upstream
market competition. In addition, one can easily check that wlM T - wé\/f > wé\/l T— wj‘/ T This
is so, since the upstream monopolist, by setting a higher wholesale price to the downstream
firms that have adopted the new technology, is willing to extract part of the higher per period
gross profits that the downstream technological advanced firms obtain due to the reduction of
their marginal production cost. Yet, it is easily observable that the equilibrium wholesale price

charged on the leader firm in adopting, wlM T as well as, those in the post-adoption periods,

wé”T, are increasing in A, while the wholesale price of the follower, wj‘/[T, is independent of
A. Intuitively, in line with the upstream separate firms case, the more effective is the new
technology on reducing the downstream firms’ marginal cost of production, the higher are the

wholesale prices that the upstream monopolist sets on the downstream technological advanced
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firms in order to extract part of the higher downstream firms’ profits that a more effective
technology adoption implies. Note also that, in contrast to the separate upstream firms case
where the wholesale price of the follower firm is decreasing in A, in the upstream monopolist
case the wholesale price of the follower firm is independent of A, since the upstream sells to
both downstream firms and thus, do not have incentives to decrease the wholesale price of the
follower firm in order to enforce the latter’s position in the final market. Last but not least,
comparing the per period equilibrium wholesale prices charged under the upstream monopolist
case with the respective ones of the upstream separate firms case, we have that w™? > w57

always hold. That means that, the lack of upstream market competition in the upstream

monopolistic case leads to higher per unit of input prices.
Lemma 3 In vertically related market with upstream monopolistic market structure,

i) The equilibrium wholesale prices are independent of 5 and increasing in ~y.

it) The equilibrium wholesale price of the leader firm in adopting, as well as, those when
both downstream firms have adopted the mew technology, are increasing in A while, the

respective one of the follower is independent of A.

i11) The equilibrium wholesale prices in the upstream monopolist case always exceed those of

the upstream separate firms case.

Using (32) and (12), it follows that the equilibrium per-period prices and downstream firms’

gross profits are given respectively,

Ca2—7)+2¢+7¢; G=corg=c—A

pMT(Ci’cj) B 4 ’ Cj = cCc or Cj = C— A (33)
- a— ¢ a—C¢)—(a—¢j 4 _~6 CL—CjZ— .
(o) - Do edloe) (o e+ @y o maf 2],

where J(.) = 2v*[(a — ¢;)? — (2a — 1)¢; + (2a — ¢j)cj].
In particular, the equilibrium prices and downstream firms’ gross profits in the pre adoption

MT = pMT (¢ ¢) and 74T = 7 ¥T

periods are given respectively by, py Do (c,c). The equilibrium

prices and downstream firms’ gross profits in the post adoption periods are given respectively

by, pT = pMT(c — A,c — A) and WAD/[}}T = 7MT(c — A,c — A). The equilibrium price and
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gross profits of the leader firm are given, respectively, p{WT = pMT (¢ — A, c) and W%T =

7MT(c - A, c), while p%T =pMT (¢,c — A) and Tr%IfT = 7MT(c—,c — A) are, respectively, the
equilibrium price and gross profits of the follower firm.’
At the same time, the equilibrium per period fix fees and the upstream monopolist’s profits

are given respectively by,

(1= B)7y*[4(a — ci)l(a — ¢j)y — (a — )] + 280 + @]
32(1 —7)?

FMT(CZ', Cj) =

28(4-7%) — (L= B)(3" —19)[2a% + & + ¢ — 2alci + ;)] +

MT(
32(1 —~?)

U

Ci, Cj) =

where, © = a(2 — v — %) +v¢j + (72 — 2)ci] and @ = (v* —42)(a — ¢;)? + 2¢;(2a — ;)72 +
2¢(2a — ¢j)y? and E = 4vy(y? — 46)(a — ¢;)(a — ¢;)
Note that, the equilibrium fix fees and the upstream monopolist’s profits in the pre-adoption

periods are given respectively by, FdVIT = FMT(C, ¢) and TrIAJ/‘(f)T = W{\]/[T<C, ¢). The equilibrium

fix fees and the upstream monopolist’s profits in the post adoption periods given respectively
by, FMT = FMT(¢c — Ajc — A) and W%T = 7MT(c — A,c — A). The equilibrium upstream

monopolist’s profits in the leader-follower periods are given by, 77{‘]/[ T— 7711‘]4 T(c—A,c), while the

equilibrium fix fees of the leader and the follower firm are given respectively by, FlM T = pMT

(c—A,c) and F}{VIT = FMT (¢c,c— A).S

Further, by the eq. (35), we observe that FiMT < 0if g < BMT where,

BMT — _ 2la—ctAlla—ely-1)+(a=c)(y* 12) 207" (2a=c)+24)
¢ = Bla—ctA)(a—0)y—(a—ct A)+(a—0) 22— 37" 1] 14277 2(a—c) 1A

upstream separate firms case, when the upstream bargaining power in the market is low enough,

Clearly, in line with the

the fix fees turn to be negative. That means that the upstream monopolist subsidizes its
downstream partners via the fix fees, with the losses of the subsidization to be covered by its
input sells. In addition, using the eq. (35), we observe that, ‘FZMT’ > }FbMT’ > )FJ{VIT‘ >
i

firm adopts the new technology. Intuitively, when the upstream bargaining power is high

, that implies that the fix fees (subsidies, respectively) are higher when a downstream

enough (i.e., § > Biw T), the upstream sets higher fix fees to the downstream firms that have

adopted the new technology in order to extract part of their higher per period gross profits.

®For the detailed presentation of the expressions please see at the Appendix Al.3
SFor the detailed presentation of the expressions please see at the Appendix A1.3
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In contrast, when the upstream bargaining power is low (i.e., 8 < ﬁé‘/lT), the downstream
firms that have adopted the new technology are being benefiting by the higher subsidies, given
that if § < ﬁéw T the power to extract the fix fees is on the downstream firms. Note also here
that the losses of the higher subsidies are being more than outweighed by the higher wholesale
prices that the upstream monopolist sets on the technological advanced downstream partners.

Moreover, using the eq. (35), we observe that the equilibrium per period fix fees are

aF <0 <O

negatively related to the degree of the final market competition, ~, (i.e.,
OFMT _ OFNT

By 0, 5 < 0). Note here, that for g < BéMT, the latter result means that a ﬁercer final
market competition forces the upstream monopolist to offer higher subsidies to its downstream
partners. Yet, using the eq. (35) and after some manipulations we obtain that,% > 0 if
B> pMT = 472%77;1? (8}(;A <0 1f5 < BMT yespectively), 8?# > 0if g > pMT (8?#
0if B8 < M1 respectively) and 2 A <0if 8 > B = QZES:?@]&X;E@)E?;;?J) (8?;” >0,

B < pMT fe s respectively). In other words, when the upstream monopolist’s bargaining power is
high, the more effective the new technology is, the higher are the fix fees that the upstream sets
to the downstream firms that have adopt the new technology, while the opposite holds when
its bargaining power is low. The result is reversed for the follower firm, since the upstream is
willing to keep the follower active in the market. Last but not least, comparing the fix fees
under the upstream separate firms case and the upstream monopolist case, we obtain that
the fix fees are higher under the former case (i.e., FMT < FST). Notice here, that when the
upstream(s) bargaining power in the market is low, the fix fees turn to be negative and thus,
the above result is reversed, or in other words, the subsidies under the upstream monopolist

case are higher than the respective ones under upstream separate firms case.
Lemma 4 In vertically related markets with upstream monopolistic market structure,

i) The equilibrium fix fees exceed zero if, 5 > ﬂ(];wT while, the opposite holds if, B < BéVIT

it) The equilibrium fix fees (subsidies, respectively) under the upstream monopolistic market
structure are lower (higher, respectively) than those under the upstream separate firms

market structure.
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At date t = 0, the downstream firms decide their adoption date TiMT, in order to maximize

their discounted sum of profits given by,

TMT TJ\/IT

1 2 o0
Maz IYT() = aMTertdt 4 aMTertdt 4 oM Tertdt — k(TMBT)
TMT 0 0 TMT ! TMT b
TMT MT o
Maz IYT() = oM Tertdt 4 aMTertdt + oM Tertdt — k(TMT(p8)
TMT 0 0 TMT ! TMT b
Taking the first order conditions of (37), we have that,
IMT — _j(TMTYe T and IMT = —p(TMT)e 12" (39)

where, given that each downstream firm chooses the date of adoption, TiMT, such that the
incremental benefits from the adoption to equalize to the marginal cost of waiting (i.e, IM7T =
W%T — 7T]\D/[OT and M7 = W%)T — WAD/[}%F), the incremental benefits in the upstream monopolist

case are given by,

T (1= B)IA%[6(2 —7*) +2(2— 7y =)

51— 7) o)
pyr — (L= BOA%0( —82<’1Y - zzi +22-7-7)] (41)

In line with the upstream separate firms case and the benchmark case, we observe that in
vertically related markets with upstream monopolistic market structure, the downstream firms
always have strong incentives to adopt the new cost reducing technology (i.e., IZ-MT > 0).
Further, the equilibrium is characterized by technological diffusion, since the first adoption is
more beneficial than the second one, that is, IM7 > IM7T and thus, TMT < TMT.

Comparing now the incremental benefits in the upstream monopolist case, given in (40)
and (41), with the respective ones in the benchmark case, given in (8), we obtain that in the

~MT ~MT ~MT
equilibrium there exist, 3 = 2 with I53 < BéWTsuch that if, 8 < 8 then, both

(-4
IMT > B and IMT > IP and thus, TMT < TP and TMT < T, while the inverse relation
~MT
holds if, 8 > . Thus, taking into account the limitations that the Assumption 1 implies
over the degree of the final market competition, v, and the drasticity of the new technology,

0, we observe that the vertically related markets with monopolistic upstream market structure

lead to earlier first and second technological adoption than the one-tier industries, when the
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bargaining power of the upstream monopolist is low enough, the final market competition is
fierce enough and the new technology is not extremely drastic. Intuitively, in line with the
upstream separate firms case, when the upstream monopolist possesses low bargaining power
in the market, the subsidization effect dominates the output effect and thus, the downstream
firms’ in the vertically related market adopt earlier the new cost reducing technology than in

the one-tier industries technology.
Insert Figure 3

Proposition 2 Vertically related markets with upstream monopolistic market structure lead
to earlier first and second technological adoption than one-tier industries, if and only if, the
bargaining power of the upstream monopolist is low enough, the final market competition is

fierce enough and the new technology is not too drastic.

Further, comparing the downstream firms’ incremental benefits under the upstream mo-
nopolist case with the respective ones under the upstream separate firms case, we obtain that,
independently of the upstream firms’ bargaining power, the first technology adoption takes
place earlier under the former case, if and only if, the new technology is sufficiently drastic

and the final market competition is fierce enough. In particular, we show that in the equilib-

4 7
rium there exists 0¢(v) = 2640= VHS(%E] 801 ):22(;? +726)7 %497 with 85 < 0, such that if § >

§°(7) then, I{T < IMT and thus, 79T > TMT, while the opposite holds if 6 < 6%y). In
addition, we observe that the second technology adoption always takes place latter under the
upstream monopolistic market structure than under the upstream separated market structure
since, IMT < I57 and thus, Y7 > Ty, The intuition behind these result is driven by the rel-
evant dominance of the output effect and the effect of the fix fees (subsidies, for low upstream
(s) bargaining power, respectively). In more details, according to Lemma 3, the wholesale
prices that downstream firms pay under the upstream monopolist case always exceed those of
the upstream separate firms case. Therefore, the higher per unit input price that downstream
firms face under the former case lead to lower downstream firms’ output production. The latter
tends to deforce the downstream firms’ speed of technology adoption under the upstream mo-
nopolist case since, the new technology will be applied to a lower volume of production. On the
contrary, according to Lemma 4, the fix fees under the upstream monopolist case (subsidies,

if the upstream(s) bargaining power is low) are lower (higher, respectively) than those of the
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upstream separate firms case, that tends to enforce the speed of the technology adoption under
the upstream monopolist case. Clearly, regarding the first adoption, the effect of the fix fees
dominates the output effect and leads the downstream firms to adopt earlier the new technol-
ogy under upstream monopolist market structure. In contrast, regarding the second technology
adoption, we have that the reduction in the output production of the follower firm due to the
higher per unit of input price that the follower firm pays when the market is monopolized by
a single upstream firm, can not be compensated by the lower fix fees (higher subsidization,
respectively) that he obtains under the upstream monopolistic market structure and thus, the
second technology adoption always takes place earlier under upstream separate firms market

structure.

Proposition 3 i) In vertically related markets with upstream monopolistic market struc-
ture the first technology adoption takes place earlier than under upstream separate firms
market structure, if and only if, the final market competition is fierce enough and the

new technology is drastic enough.

i1) In vertically related markets with upstream monopolistic market structure the second tech-

nology adoption takes place latter than under upstream separate firms market structure.

3.4 Extensions-Discussion

-Downstream quantities competition”: In our basic model, we have assumed that downstream
firms in the final market compete in prices. Here, we briefly discuss how the main results of
our model would change if the downstream firms compete by setting their quantities, where

using (1) the inverse demand function for the final good that each D; firm faces is given by,

pi=a—q—q, ,j=12i#j 0<y<1 (42)

Using the above inverse demand function and keeping all the other modeling specifications
fixed, we reconfirmed that in vertically related markets with upstream separated market struc-
ture the downstream firms’ technology adoption takes place earlier than in one -tier industries,
when the upstream firms’ bargaining power in the market is low enough, the final market com-

petition is fierce enough and the new technology is not extremely drastic. We should note here

"For the detailed analysis please see at the Appendix C.
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that under Cournot final market competition, independently of the upstream market structure,
the wholesale prices in the equilibrium are always lower than the marginal cost of production
of the upstream firm(s) (i.e., w® < 0), while the per period fix fees always exceed zero (i.e.,
FC > 0). That means that, under Cournot final market competition, independently of the
bargaining power distribution in the market, the upstream firm(s) subsidize their downstream
partners via the wholesale prices. This is so, since when the downstream firms compete in
quantities, the upstream firm(s) are willing to make their downstream partners more aggres-
sive in the final market competition by diminishing the per-unit of input price. Clearly, an
upstream partner via a lower wholesale price shifts its’ downstream partners’ reaction function
outwards and thus, given that the reaction functions under Cournot competition are down-
ward slopping, the own downstream partner’s output and gross profits increase while, the
rival’s downstream firm output decreases. Notice here that, the losses of the upstream firms’
subsidization via the wholesale prices are being more than compensated via the fix fees, since
part of the increased downstream firms’ gross profits due to the lower wholesale prices are being
transferred upstream via the fixed fees. We should also mention here that, when downstream
firms compete in quantities, the upstream firms’ subsidization via the wholesale prices (i.e.,
w¢ < 0), lead to higher final output production in the vertically related markets than that in
the one-tier industry. The latter, named as the output effect, tends to enforce the speed of
the firms’ technology adoption under vertically related markets, since the new cost reducing
technology will be applied in a higher production volume. On the contrary, we observe that in
two-tier industries with Cournot final market competition there exists a profits sharing effect
since, part of the per period profits of the downstream firms’ are transferred via the fix fees to
the upstream partner(s). That in turn, tends to postpone the speed of the downstream firms’
technological adoption, since part of their increased per period gross profits due to the technol-
ogy adoption will be transferred upwards via the fix fees. Clearly, in vertically related markets
with upstream separated market structure and Cournot final market competition, when the
upstream firms bargaining power is low enough, the final market competition is fierce enough
and the new technology is not too drastic the output effect dominates the profits sharing effect
and thus, firms’ technology adoption takes place earlier than under one-tier industries. In addi-
tion, we show that in vertically related markets with upstream monopolistic market structure
and Cournot final market competition the firms’ adoption of the new technology always takes

place latter than in one-tier industries. This is so, since when the upstream power is low in the
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market, that is a necessary condition in order the technology adoption to take place earlier in
vertically related markets than in one-tier industries, the upstream monopolist could not cover

the losses due to the input subsidization to both downstream partners via the fix fees.

4 Conclusions

In the present paper we examine the downstream firms’ incentives to adopt a new cost reducing
technology under both upstream separated firms market structure and upstream monopolistic
market structure, as well as, the effects of the vertical relations on the firms’ speed of the
adoption of the new technology.

We show that in vertically related markets, both under upstream separated firms and up-
stream monopoly market structures, downstream firms always have strong incentives to adopt
the new cost reducing technology, while in the equilibrium there is technology diffusion that
comes from the diminishing incremental benefits of the adoption and the decreasing adoption
cost. Further, we obtain that independently of the upstream market structure, the speed of the
firms’ technology adoption in vertically related markets compared to that of one-tier industries
alters significantly with regard to the allocation of the bargaining power in the market, the
drasticity of the new technology and the intensity of the final market competition. In partic-
ular, we demonstrate that in vertically related markets the firms adopt earlier the new cost
reducing technology than in one-tier industries, if and only if, the upstream bargaining power
is low, the final market competition is fierce and the new technology is not too drastic. This is
so, since in vertically related markets where the upstream(s) bargaining power is low enough,
the downstream firms are being subsidized by their upstream partner(s) via the fix fees that
in turn, given that the fix fees (subsidies, respectively) increase when the downstreams adopt
the new technology, leads downstream firms to increase their speed of the technology adoption
in order to get the benefit of the higher subsidies. Interestingly enough, we further show that
under upstream monopolistic market structure the first adoption takes place earlier than under
upstream separated firms market structure, when the new technology is sufficiently drastic and
the final market competition is fierce enough. That means that a less competitive upstream
market structure, captured in the upstream monopolistic market case, can encourage, under
certain circumstances, the firms’ speed of adoption of the new technology. The above results

highlight that, the market structure (i.e.,two-tier vs. one-tier industries, upstream separated
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firms market structure vs. upstream monopoly market structure), as well as, the differences
in the market features (i.e., the competition intensity, the allocation of the bargaining power)
could alter significantly the firms’ timing of technology adoption.

To the best of our knowledge the present paper is the first that provides some findings on
how the vertical relations in a market affect the firms’ incentives and the timing of technology
adoption and more work should be done in this area. In particular, throughout the paper we
have restricted our attention to the cases where firms precommit at the starting date of the
game to the specific time that the technological adoption will be fully implemented. It would
be interestingly enough to extend our analysis and examine how the results could alter when
firms can not credibly commit to a specific time of technological adoption (i.e., preemption
game). Further, it would be interesting enough to explore the firms’ incentives to merge and
how this can affect the speed of the adoption of a new technology. Both of these extensions

are part of our future research.
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Appendix

Appendix A

Appendix A.1.1 The equilibrium per period downstream profits in the benchmark case are

given respectively by,
2
(@a—c)"(1—7)

(v =27+
(a—c—AP(1—7)
(v =2)*(1+7)
[(a — ) (Y’ +7 — 2) + A(Y*-2)]?
(v*—4)%(1 = %)
[(a — &) (v’ +7 — 2) + AP
(*-4)*(1—~%)

m¥=nB(c,c) =

mP=nBlc—Ac—A)=

P=1Bc— A c)=
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Appendix A.1.2 Upstream Separate firms: The per-period equilibrium wholesale prices, prices,

downstream firms’ profits, fix fees and upstream firms’ profits are given respectively by,
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Appendix A.1.3 Upstream Monopoly:

The per-period equilibrium wholesale prices, downstream firms’ prices and profits, fix fees

and upstream monopolist’s profits are given respectively by,
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Appendix B.

Proof of Proposition 1

We calculate the difference of the firms 1’s incremental benefits in the case of the up-
stream separated firms, given in (26), with the respective ones of the benchmark case, given

in (8): G{TB(a,,B,6) = IyT—I8. Setting G778 (a,v,,6) = 0 and solving for 3, we find

ST 43[128—8(2+468) (7P +4v—473)+(248)y7 +~2 (8872 —192—10~* . 9T
B =12 [ 2(7(2_4))23%:’4)[;(3)72127123_1)16&72_4)] 7 with By < BT, 1t can be checked

~ ST
that for all v, & that satisfy our Assumption 1 and § < B] , G{7B(a,~,5,6) > 0, that

~ ST
is 17T > IP and thus, TPT < TP while, G{T5(a,~,3,6) < 0, if 3 > 3] . Further, we

calculate the difference of the firms 2’s incremental benefits in the case of the upstream
separated firms, given in (27), with the respective ones of the benchmark case, given in

(8): G5TB(a,~,B,0) = I57—IF. Setting G57P(a,~,3,0) = 0 and solving for 3, we find

ST ~A3[8(2+46) (7P +4y—473)— (248)77 +(146) (1075419272 —128—887%)] o T ST
b = T arE e s ey With Bo < B77. It can be

~ ST
checked that for all 7, J that satisfy our Assumption 1 and 5 < 85 , GETB((J,, v, 3,0) > 0, that

~ ST
is I5T > I8 and thus, T9T < T while, G578 (a,v,8,0) < 0,if 3> (5 . W

Proof of Proposition 2.

We calculate the difference of the firms 1’s incremental benefits in the case of the up-
stream monopoly, given in (40), with the respective ones of the benchmark case, given in

(8): GMTB(a,~,B,6) = IMT—IB. Setting GMTB(a,~,,6) = 0 and solving for 3, we find
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~MT 4 . ~MT
= ('ng)Z with (

A MT
tion 1 and B < 3, GMTB(a,~,B,0) > 0, that is IMT > IP and thus, TMT < TE while,

GMTB(a,~,,8) <0, if B > BJI‘JT Further, we calculate the difference of the firms 2’s incre-

< BMT Tt can be checked that for all 7, & that satisfy our Assump-

mental benefits in the case of the upstream monopoly, given in (41), with the respective ones of

the benchmark case, given in (8): GYTB(a,, 8,6) = I —18. Setting GYTB(a,~,3,0) = 0
and solving for 3, we find BMT = ﬁ, with BMT

~MT
§ that satisfy our Assumption 1 and 8 < 3, GMTB(a,~,,6) > 0, that is IMT > [P and

thus, TMT < T8 while, G}'TB(a,~,3,6) <0, if 3 > BMT. [ ]

< BMT 1t can be checked that for all ,

Proof of Proposition 3.

We calculate the difference of the downstream firms 1’s incremental benefits in the case of
the upstream monopoly, given in (40), with the respective ones of the upstream separate firms
case, given in (26): GM5(a,v,B,6) = IMT—I7T. Setting GMS(a,~,3,0) = 0 and solving for

4(1— 3 _~2) 4 24~A _96~5 1 nB AT .
§, we find §°(v) = 26401 7>?§%218012f226%+72f)7 7 ith % < 0. It can be checked that for
all 7 that satisfy our Assumption 1 and & > §°(7), GM%(a,~, 3,6) > 0, that is IMT > 17T and

thus, TMT < T7T while, G}5(a, 7, 3,6) < 0,5 < 6°(7) . Further, we calculate the difference of

the firms 2’s incremental benefits in the case of the upstream monopoly, given in (41), with the
respective ones of the upstream separate firms case, given in (27): Gé\/ls(a, v, 8,0) = Ié\/lT—IgT
and after some manipulation, we show that for all v, 9, 3, Gé”s(a,’y,ﬁ, 9) < 0, that is IQMT <

157 and thus, TMT > 177, W
Appendix C Cournot Final Market Competition:

Using, (1), we have that when the downstream firms compete by setting their quantities,

the inverse demand function that each D; faces is given by,

Benchmark case.

In the benchmark case of a one-tier industry, there exists two firms in the market that
compete by choosing: First, the optimal dates of the adoption of the new technology and then,
by setting their outputs. Solving the game backwards, at the second stage of the game each
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firm 4 decides its output g;, taking as given the decision over the output of the rival firm ¢;, in

order to maximize its per -period gross profits:

]\/{quﬂ?B(.) = (@ —qi —74;)q — ciqi

thus, each firm’s per-period output and gross profits are given respectively by,

2(a—¢;) —v(a—¢)
qu’B(') = 4_ ’}’2

2(a—c¢;) —v(a— cj)]2
(4—97)

Observe here that, the downstream firm’s adoption of the new technology that implies a

nOB() = |

(2

lower marginal cost of production (¢ — A), tends to increase the own output production, g;,
while, it tends to decrease the rival’s output production, g;.

Further, at date ¢ = 0, by maximizing the discounted firms’ profits given as in (5) and
(6) where now the per period gross profits are given respectively as follows, 7§? = 7¢8(c, ¢),
the gross profits in the pre-adoption periods, 7TI?B = WCB(C — A,c— A), the per period gross
profits when both firms are technologically advanced and, 7rlCB = 79B(c - A, c) and ﬂ]qB =
7¢B(c,c — A), the per-period gross profits of the firm that has already adopted the new
technology -the leader- and those of the firm that has not yet adopted the technological change

-the follower- respectively, we find that the incremental benefits of the benchmark case under

Cournot market competition are given by,

o5 _ 40A%[(2-7) +9]

! (4—~2)?

o _ A0A%[(2-7) +3(1 )
’ (4—~)

Note that, IZ-CB > 0, that means that under Cournot market competition firms always
have strong incentives to adopt the available cost reducing technology. Further, Ilc B> IQCB ,
and thus, TP < TEB that means that in the equilibrium the market is characterized by

technological diffusion.
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Vertically Related Markets

In the vertically related markets where downstream firms compete in the final market by
setting their outputs, at date t > 0, at the second stage of the game, independently of the

upstream market structure, each downstream firm D; maximizes its’ per period gross profits,
]quxWDi(-) = (a— qi_'YQj)qi_(Ci‘f'wi)qi

where solving the maximization problem, we obtain that the equilibrium per periods quan-

tities and profits in the last stage are given by,

2(a—¢)—vla—c;) —2wAyw; c=corc=c—A

Q'(Cﬁcl): 9
S 4—~° cj=corcj=c—A

2(a —¢;) —v(a— cj) — 2wi+7wj]2

[4— 7%

WDi(') =

Further, in order to ensure that all of the participants are active in the market under all the
cases considered along with our basic model Assumption 1, the following assumption should
also holds,

Assumption 2. 8> 8(7) =~3/(4 —2v(1 4+ 7) +~*

The above assumption is a necessary and sufficient condition in order to ensure the existence
of pure strategy pairwise proof equilibria under the case of the upstream monopolist. Non-
existence of pure strategy equilibria may occur because pairwise proofness leads to negative
profits for the upstream monopolist. This is so since, if for given =y, the upstream monopolist
power is low enough, the upstream is being subject to opportunism and is unable to cover its

losses from the input subsidization via the fixed-fees.

Upstream Separate Firms

sC

Letting (w;

, F]-SC) denote the equilibrium outcome of the (Uj;, D;) pair’s negotiations,
w;and F;, when the downstream market competition takes place in quantities, are chosen such
to maximize the generalized Nash product,

Max = [WUi+Fi]B[7rDi—Fi]1_B

wi, F;
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where, 7y, = wiqi(wi,wfc) and 7, = [qi(wi,wfc)P.

Maximizing the generalized Nash product with respect to F;, we have that,
Fi= prp,—(1 = B)my,

Substituting the above equation into the generalized Nash product, we observe that the
net profits of the U; and D; are given by the shares of their joint surplus, S = 7 + 7., that
corresponds to their respective bargaining power (5,1 — /) Thus, the generalized Nash product
can be rewritten as function of the vertical chain’s joint surplus, while the wholesale prices,
wj, are chosen in order to maximize that surplus,

SC)

SC SC
Maz$ = la — q;(w;, w;™) — vq;(w;, w7~ )]g;(w;, w;

Taking the first order conditions of the above expression, the per period equilibrium whole-

sale prices under Cournot final market competition are given by,

W, 0y = A=y +) — (4- v)et2e] ci=core=c—A
" 16 — 1272+~ cji=corcj=c—A

In particular, the equilibrium wholesale prices in the pre adoption periods are given by, wgc =

wSC(c, ¢), the equilibrium wholesale prices in the post adoption periods are given by, wgqc =
w9 (c—A, c—A) while, wlSC =w3%c—A,c) and wfc = w%(c,c—A) denote the equilibrium
wholesale price charged on the leader and the follower firm, respectively. Observe here that
under Cournot final market competition the per period equilibrium wholesale prices are always
lower than the upstream firms’ marginal cost of production. That means that, when the
downstream firms compete in the final market by setting their quantities, the upstream firms
subsidize their downstream partners via the wholesale prices. This is so, since each upstream
firm by setting a lower wholesale price to its downstream partner is willing to make the latter
more aggressive in the final market. In more details, a lower wholesale price shifts out the
reaction function of the downstream firm and thus, given that the reaction functions under
Cournot competition are downward slopping, the output of the rival downstream firm decrease

while, the output and the per period gross profits of the own downstream firm increase. Part

of these increased downstream firm’s per period gross profits are transferred via the fixed
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fees upstream and thus, the upstream firm more than cover the losses of the downstream’s
subsidization. Note also, that the equilibrium wholesale prices decrease when the downstream
firms adopt the new technology.

Further, the downstream firms’ equilibrium per period output and gross profits under

Cournot final market competition are given respectively by,
2a(4 — 2v — %) + drye;—2¢i(4 — ) g=corc—A

C
(c.,c) = )
q; ( () ]) 16 — 12")/2—|—’}/4 cj=corc— A

2(1- B)(2—)[ald — 27 — %) + 2y¢,— (4 = V)
(16 — 12y24~4)2

C
T‘—Di (C'L'? Cj) =

where, the equilibrium output and gross profits in the pre adoption periods are given by, qg =
¢°T(c, c) and 7'('%0 = 7Tg (¢, c), respectively. The equilibrium output and gross profits in the post
adoption periods are given respectively by, qbc =q%(c—A,c—A) and ng = 77% (c—A,c—A).
The equilibrium output and gross profits of the leader firm are given, respectively, qlC = ¢¢
(c— A,c) and ﬂ'gl = 7$(c — A, ¢) while qu = ¢% (¢,c— A) and ng = 71§ (c—,c — A) are
respectively, the equilibrium output and gross profits of the follower firm.

At the same time, the equilibrium per period upstream firms’ profits and the fixed fees are

given respectively by,

28(2 — v*)a(4 — 2y — %) + 2y¢;—(4 — ¥7)e,)?
(16 — 1272 +~4)2

C
7TU1; (Ci7 Cj) =

228 + (1 — B)Y?]a(2y +7°—4) — 2y¢;+(4 — ¥7)e,)?
(16 — 129%+4~4)?

In particular, the equilibrium upstream firms’ profits and the fix fees in the pre-adoption

periods are given respectively by, ﬂgo = Wg(c, c)and F§' = F%(c,c). The equilibrium upstream

firms’ profits and the fix fees in the post adoption periods given respectively by, ng = 778(0 —

FC(Ci7Cj) =

7

A,c—A) and FE = FCc — A,c— A). The equilibrium upstream firm’s profits and fix fees
of the leader-follower periods are given respectively by, wgl = Wg(c — A, c) and Flc = F¢
(c—Ac), Fgf = 15(c—,c — A) and FfC = F% (c,c — A). Observe here that, in contrast to
the respective case of Betrand final market, when the final market competition takes place in

quantities the fix fees that the upstream firms set always exceed zero, independently of the

35



bargaining power that upstream firms possess in the market.

Further, at date ¢t = 0, by maximizing with respect to 7; the discounted downstream firms
profits given as in the equation (23), where the period profits are given now by, 7'(%0, wgb, wgl
and Wg £ We obtain that the incremental benefits in the upstream separate firms case when

the downstream firms compete by setting their quantities are given by,

1o 21 = BYA (' 61" +8)[2(4 —1(v +2) + (4 =)
(7' ~1292+16)°

Jo_ 21— BSA2( 6y +8)[2(4 = 7(y +2) + 6(4 = 4y + 4))
’ (' —127%+16)°

Observe here that, under vertically related markets with upstream separate firms market

structure and Cournot final market competition, the downstream firms always have strong
incentives to adopt the new technology since, I ZC > 0, while, at the same time, in the equilibrium
there exists technological diffusion, since I¢ > IS, and thus, T < T¥ .

Further, comparing the firms’ incremental benefits under the upstream separate firms mar-

ket structure with the respective ones of the benchmark case, when downstream firms compete

C_ 5’128 (2+5)(967+80v3*1675+77)*4(2v4+76)]
(VP =4)3(2—?)[(2+5) (4—7") - 4v)] ’

such that if 5 < B? then, Ilc > IIC and thus, T1 < TCB | while the opposite holds if, 3 > 51

in quantities, we show that in the equilibrium there exists B

Further, regarding the second technology adoption, we demonstrate that in the equilibrium
T:73[2(2—7)(4—27—72)][8—(4+7(8—7—72)]+5[128—v(96+(72—2)w(7+4)(4—2v—72)]

e = =A== —7) , such that
if B < By then, ]20 ICB and thus, TC < TEB while, the opposite holds if, 8 > ﬁ2 Thus,

S
there exists [,

given the above results and our Assumption 2, it is clear that, two-tier industries with upstream
separate firms market structure and Cournot final market competition, lead to earlier first and
second adoption than one-tier industries, if and only if, the upstream firms’ bargaining power
is low enough, the final market competition is fierce enough and the new technology is not too
drastic. The intuition behind this result, is based on the two opposing effects that vertical rela-
tions generate in the market, named as the output effect and the profits sharing effect. In more
details, as we have already mentioned, in vertically related markets with upstream separate
firms and Cournot final market competition the wholesale prices that upstream firms set are
always below their marginal production cost, while they decrease when the downstream firms
adopt the new technology. Thus, given the subsidization of the downstream firms production

via the lower wholesale prices, we have that the final output production under vertically related
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markets with Cournot final market competition is higher than under one tier industries. The
latter, named as the output effect, tends to enforce the downstream firms’ speed of technology
adoption in the vertically related markets with upstream separate firms markets structure and
Cournot final market competition, since the new technology will be applied to a higher volume
of production. On the contrary, we observe that in two-tier industries with Cournot final mar-
ket competition there exists a profits sharing effect, since part of the per period profits of the
downstream firms’ are transferred via the fix fees to the upstream firms. That in turn, tends
to postpone the speed of the downstream firms’ technological adoption since, part of their
increased per period gross profits due to the technology adoption will be transferred upwards
via the fix fees. Clearly, when the final market competition is fierce enough, the upstream
firms possess low bargaining power and the new technology is not extremely drastic the output
effect dominates the profits sharing effect and thus, the first and second technology adoption

take place earlier in two-tier industries than in the one-tier ones.

Upstream Monopoly

Mc

Letting (w;

, FJMC) denote the equilibrium outcome of the (U, D;) pair’s negotiations,
w;, I, when the downstream market competition takes place in quantities, are chosen such to
maximize the generalized Nash product,

Mag = [ry+Fi+FMC—d(w) ¢, FMOY P [r, —F] 7

wi, F;
where, 7, = wiqi(wi,ijc)+ wjucqj(wi,wé\/fc) and Tp = [qi(wi,ijC)]z, while the outside
—e—wMC
option is given by, d(wéwC,FiMC) = w]MCqé‘/[ON + FJMO with qé\/[ON = %

Maximizing the generalized Nash product with respect to F;, we have that,

MC MON

Fi= prp,—(1 - 5)[7TU_wj q; ]
Substituting the above equation into the generalized Nash product, we obtain that the net
profits of the upstream monopolist, above its disagreement payoff, and the net profits of D;,

MC  MON

are proportional to their joint surplus, SM¢ = 7y + Tp, — w; " q; , with the coefficients

of proportionality to be given by their bargaining powers 5 and 1 — 3, respectively. Thus, the
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wholesale prices w; are chosen in order to maximize this surplus:

MC MC MC MC MC MC MON
MazS™"= [a — q;(w;, wi™) = vq;(wg, wi™)]g; (wg, wi™) + wj gy (wg, wi™) — ;7]
From the first order conditions of the above equation, we obtain that the equilibrium per
period wholesale prices in the vertically related markets with upstream monopolist market

structure when the final market competition takes place in quantities, are given respectively

by,

2
a—c;
wMC(cl-) =— 7( Z)Z ,c;=corc=c—A
2(2-177%)
In particular, the equilibrium wholesale prices in the pre adoption periods, as well as, the
equilibrium wholesale price of the follower firm are given by, wl¢ = wy ¢ = wMc), the

equilibrium wholesale prices in the post adoption periods, as well as, the equilibrium wholesale
price of the leader firm in adopting are given by, wlMC = wé\/lc = wM%c — A). Observe
here that, the upstream monopolist’s per period equilibrium wholesale prices are always lower
than the upstream’s marginal cost of production. That means that, the upstream monopolist
subsidizes its downstream partners via the wholesale prices. Note also, that the equilibrium
wholesale prices decrease when the downstream firms adopt the new cost reducing technology.

Further, the downstream firms’ equilibrium per period output and gross profits under
Cournot final market competition are given respectively by,

20@a—c)—(a—c;)y c=corc—A

5 )
4—y cj=corc—A

q; (%C') =

(1 - B)[2¢;—ve;—a(2 — 7))
8(2—+°)?

MC(

D, (¢ cj) =

1) 7]

where, the equilibrium output and gross profits in the pre adoption periods are given by,
"¢ = ¢°T(c,c) and 7T]\D/[O ¢ = W%(C, c), respectively. The equilibrium output and gross profits
in the post adoption periods are given respectively by, ql])\/[ C=¢M% —A,c—A) and wgb =
ﬂ'g(c — A,c¢ — A). The equilibrium output and gross profits of the leader firm are given,
respectively by, qlMC = ¢M% (c—A,c) and 71'%[10 =7MCc— A, c), while q}\/lc =¢MC (c,c—A)
and ngc = ﬂ'%[ ©(c—,c— A) are respectively, the equilibrium output and gross profits of the

follower firm.
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At the same time, the equilibrium per period upstream monopolist’s profits and the fixed

fees are given respectively by,

28(2 — 7*)[a(4 — 27 = 7*) + 2v¢;— (4 — 7))

MC _
Ty, (czac ) - (16 — 12724_74)2

c 228+ (1 - B)Y][2¢i — ¢ — a2 — )
frleen) = SoP -2

(2

In particular, the equilibrium upstream monopolist’s profits and the fix fees in the pre-
adoption periods are given respectively by, W][‘]{)C = 7MCc,c) and FMC = FMC(c,c). The
equilibrium upstream monopolist’s profits and the fix fees in the post adoption periods given
respectively by, W%C = W](\]/[C(c —A,c— A) and FbMC = F%c— A,c— A). The equilibrium
fix fees of the leader-follower periods are given respectively by, FZM ¢ = FMC (¢ — A,c), and
FJ{V[ ¢ = pMC (¢,c—A) and the equilibrium upstream monopolist’s profits in the leader-follower
periods are given by ﬂ%c = 77{‘]/[ C(c — A,c). Observe here that, in contrast to the Betrand
final market competition case, when the final market competition takes place in quantities the
fix fees that the upstream monopolist sets always exceed zero, independently of its bargaining
power in the market.

Further, at date t = 0, by maximizing with respect to 7; the discounted downstream firms

profits given as in the equation (37) where, the period profits are given now by, 77%106, 77%11) c

77% ¢ and W]\D/[f , we obtain that the incremental benefits in the upstream monopolist case when

the downstream firms compete by setting their quantities are given by,

pie_(1=B)5A%[(2 ) + 4]
1 2277

pre_1- B)5A%[(2 - 7) + 60— 7)
2(2—-77)

Observe here that, in line with our basic model’s results, in vertically related markets with
upstream monopolistic market structure and Cournot final market competition the downstream
firms always have strong incentives to adopt the new technology, since IZ»M ¢ >0, while, at the
same time, in the equilibrium there exists technological diffusion, since I f\/[ ¢> Ié\/l ¢ and thus,
T™C < TMC,

Comparing now the firms’ incremental benefits under the upstream monopolistic market
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structure with the respective ones of the benchmark case, when the final market competition
takes place in quantities, we show that in the equilibrium the firms’ incremental benefits in the
benchmark case always exceed those of upstream monopolist case, that is, If\/lc < Ich and
thus, TM¢ > TEP and IMC < IFP and thus, T3¢ > T)MB. In other words, we demonstrate
that in two-tier industries, under upstream monopolistic market structure and Cournot final
market competition, the technology adoption always takes place latter than in one-tier indus-
tries. This is so, since as we have see by our analysis in order the technology adoption to take
place earlier under vertically related market, the upstream’s sector bargaining power in the
market should be low enough. However, given our Assumption 2, in the upstream monopolis-
tic case where downstream firms compete in quantities a low enough upstream monopolist’s
bargaining power in the market leads to negative profits for the upstream. In other words,

when the upstream’s power in the market is low enough, the upstream monopolist is unable

to cover its losses from the input subsidization via the fixed-fees.
Figures

In the following figures (i.e., Figs. la &1b), AL, (i = 1, 2,respectively) denotes the geomet-
rical locus, as function of the product substitutability degree () and the drasticity of the new
cost reducing technology (d), where the firm i/s incremental benefits in the separated verti-
cally related market equal those of the benchmark case of the one tier industry (i.e, IiST = IiB
and thus, 7°7 = TP). On the right of AI, (area A) the firm i/s incremental benefits in the
separated vertically related market exceed those of the benchmark case (i.e, ]Z-ST > If and
thus, 7°7 < TP) while, the opposite hold on the left of AI; (area B) (i.e, I7T < IPand thus,
T5T > TP). Last but not least, the area on the right of As.1 (area I') has been excluded from

our analysis since it does not satisfy the basic assumption of our model.
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Fig.1la. Thegeometrical locus, Al, , where firm 1'sincrementa benefits obtained in
theupstream separate firms case equal those of the benchmark case as function of
and & and with respect to basic assumption of the model, As.1. (3=0.05)
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Fig.lb. The geometrica locus, Al,, where Firm 2's incrementa benefits
obtained in the upstream separate firms case equal those of the benchmark case as
function of y and & and with respect to basic assumption of the mode,
As.1.(8=0.05)
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In the following figure (i.e., Fig. 3), AI;, (i = 1,2,respectively) denotes the geometrical
locus, as function of the product substitutability degree () and the drasticity of the new cost
reducing technology (¢), where the firm i/s incremental benefits in the monopolistic vertically
related market equal those of the benchmark case of the one tier industry (i.e, IMT = [P
and thus, TMT = T). On the right of AI, (area A) the firm i/s incremental benefits in the
monopolistic vertically related market exceed those of the benchmark case (i.e, IZ-M T IiB and
thus, TMT < TP) while, the opposite hold on the left of AI, (area B) (i.e, IMT < IPand thus,
TMT > TB). Last but not least, the area on the right of As.1 (area I') has been excluded from

our analysis since it does not satisfy the basic assumption of our model.

1.0F° r r r r 3
As.1

o3 | G i
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B A ]

o2 DII

oo f, . . . . 3
a0 0.2 0.4 [ o= 14

Fig.3. The geometrical locus, Al;, where Firm i's incrementa benefits
obtained in the upstream monopolist case equal those of the benchmark case as
function of y and & and with respect to basic assumption of the model, As.1.
(B=0.04)
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