On the Choice of Royalty Rule
to Cover Fixed Costs in Input
Joint Ventures

Kenneth Fjell
~ @ystein Foros
ans Jarle Kind

usiness



SNF

Samfunns- og
naeringslivsforskning AS

- er et selskap i NHH-miljget med
oppgave a initiere, organisere og utfgre
eksternfinansiert  forskning.  Norges
Handelshgyskole, Universitetet i Bergen
og Stiftelsen SNF er aksjoneerer.
Virksomheten drives med basis i egen
stab og fagmiljgene ved NHH og
Institutt for gkonomi (UiB).

SNF er Norges stgrste og tyngste forsk-
ningsmiljg innen anvendt gkonomisk-
administrativ forskning, og har gode
samarbeidsrelasjoner til andre forsk-
ningsmiljger i Norge og utlandet. SNF
utfarer forskning og forskningsbaserte
utredninger for sentrale beslutnings-
takere i privat og offentlig sektor.
Forskningen organiseres i programmer
og prosjekter av langsiktig og mer
kortsiktig karakter. Alle publikasjoner er
offentlig tilgjengelig.

SNF

Institute for Research
in Economics and Business
Administration

- is @ company within the NHH group.
Its objective is to initiate, organize and
conduct externally financed research.
The company shareholders are the
Norwegian School of Economics and
Business Administration (NHH), the
University of Bergen (UiB) and the SNF
Foundation. Research is carried out by
SNF’'s own staff as well as faculty
members at NHH and the Department of
Economics at UiB.

SNF is Norway’s largest and leading
research environment within applied
economicadministrativeresearch.Ithas
excellent working relations with other
research environments in Norway as
well as abroad. SNF conducts research
and prepares research-based reports for
major decision-makers both in the
private and the public sector. Research
is organized in programmes and
projects on a long-term as well as a
short-term basis. All our publications are
publicly available.



Working Paper No 16/13

On the Choice of Royalty Rule to Cover Fixed Costs in Input Joint Ventures

by

Kenneth Fjell
@ystein Foros
Hans Jarle Kind

SNF project no 1411
“Satsing i tele og media”

THE ECONOMICS OF MEDIA AND TELECOMMUNICATIONS

This report is one of a series of papers and reports published by the Institute for Research in
Economics and Business Administration (SNF) as part of its telecommunications and media
economics program. The main focus of the research program is to analyze the dynamics of the
telecommunications and media sectors, and the connections between technology, products and
business models. The project “Satsing i tele og media” is funded by Telenor AS,

TV2 Gruppen AS and the Norwegian Broadcasting Corporation (NRK).

INSTITUTE FOR RESEARCH IN ECONOMICS AND BUSINESS ADMINISTRATION
BERGEN, JULY 2013
ISSN 1503-2140

© Materialet er vernet etter &ndsverkloven. Uten
uttrykkelig samtykke er eksemplarfremstilling som
utskrift og annen kopiering bare tillatt nar det er
hjemlet i lov (kopiering til privat bruk, sitat o.1.) eller
avtale med Kopinor (www.kopinor.no)

Utnyttelse i strid med lov eller avtale kan medfare
erstatnings- og straffeansvar.



http://www.kopinor.no/

SNF Working Paper No 16/13

On the Choice of Royalty Rule to Cover Fixed Costs in

Input Joint Ventures

Kenneth Fjell, Qystein Foros, Hans Jarle Kind*

July 5, 2013

Abstract

In a model where two competing downstream firms establish an input joint
venture (JV), we analyze how different royalty rules for covering fixed costs
affect channel profits. Under running royalties (regardless of whether based
on predicted or actual output), the downstream firms’ perceived marginal
costs are above the true marginal costs since fixed costs are incorporated. We
find that tougher competition between the JV partners may actually increase
channel profit under such a scheme. We also show that running royalties based
on predicted output are outperformed by royalties based on actual output, but
that lump-sum financing of the JV is preferable if the competitive pressure is
weak.
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1 Introduction

It is widely observed that competing firms establish upstream joint ventures (JVs).
In high-tech industries, research and development joint ventures are common for e.g.
software, electronic hardware and pharmaceutical products. Within telecommunica-
tions, the European Commission (2009) invites competing operators to create joint
ventures and other forms of cooperative agreements to generate new infrastructure
(such as fixed and mobile high-bandwidth networks) and to acquire spectrum rights.
From the authorities’ perspective the gains from allowing competing firms to set up
JVs range from environmental improvements (e.g. co-siting of antennas for mobile
networks), higher investment incentives and less duplication of fixed costs to more
rapid rollout of new and better infrastructure. In grocery markets large retail chains
have formed procurement alliances (buyer groups), such that the level of concentra-
tion is higher for procurement than for retailing (see e.g. Clarke et al., 2002, Dobson
and Waterson, 1999 and Foros and Kind, 2008).!

We focus on the allocation of unavoidable fixed costs in the JV, i.e. costs which
are not affected by output levels. Examples of such costs are joint investments in new
digital infrastructure and development of digital information goods. Especially for
fixed broadband investments, the largest part of the fixed cost is literally speaking
sunk, spent on digging ducts (not on fiber-optic cables and other electronic equip-
ment). Similarly, for digital information goods the large fixed costs are typically
sunk when the first copy is developed. The same features hold for hardware. Think
of a smartphone. When a new model is launched, the development costs cannot be
regained even if the product becomes a flop. Royalty rules for covering fixed costs
are by their very nature arbitrary?, and our aim is to analyze how the three most

common rules affect downstream competition.

!For an extensive list of examples of joint ownership in vertical market structures, see e.g. Park

and Ahn (1999).
2As a consequence, we focus on fixed cost components ill-suited for cost allocation methods,

such as Activity Based Costing (ABC). Noreen (1991) sets up the necessary requirements for using
ABC. Bromwich and Hong (2000) provide an interesting example of the suitability of ABC when

analyzing whether BT’s accounting system satisfies the conditions for accounting separability.
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As a benchmark we consider lump-sum royalties. Since lump-sum payments are
not based on output, they do not affect the JV members’ choice of downstream
prices. We compare lump-sum royalties with running royalties, where payments de-
pend on the downstream firms’ output. We consider two forms of running royalties;
one which depends on predicted output, and one which depends on actual output.
Under a running royalty scheme based on predicted output, the per unit transfer price
is calculated based on expectations of aggregate output. Since the transfer price is
increasing in the size of the fixed costs, the perceived downstream marginal costs
are higher than under lump-sum royalties. Sharing rules that incorporate fixed costs
into the unit payments from the JV members thus soften downstream competition
and lead to a higher price level than the lump-sum scheme.?

The alternative to predicted outcomes is running royalties based on actual out-
put, where fixed costs are distributed based on realized volumes ex-post. This sig-
nificantly changes the firms’ pricing incentives. The reason is that when running
royalties are based on actual output, a higher output reduces the perceived down-
stream marginal costs. Thus, the firms will have incentives to set relatively low
end-user prices in order to reduce production costs on infra-marginal units.

If the firms are symmetric along all dimensions, we show that even though their
incentives are quite different under the two running royalty schemes, the equilibrium
outcomes will be identical. This is not so if the firms have different ownership shares
in the JV. Then running royalties based on actual output generate higher profits
than running royalties based on predicted output. The reason is that the firm with
the larger ownership share will compete more aggressively than its rival under a
predicted output scheme, and this distorts the market.

The question that begs to be asked is whether royalties based on actual output
are widely used. At first glance it might not seem to be so, since joint venture
agreements often include elements where fixed costs are allocated based on pre-

dicted volumes. However, such agreements typically also include a clause to adjust

3If each JV member estimates its own volume, it is obvious that sharing rules which are based
on these estimates may generate opportunistic behavior. We intentionally abstract from such

problems to focus on the interplay between fixed costs sharing rules and downstream competition.
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for actual volumes if there are significant deviations between predicted and actual
volumes. One example is provided by Groot and Merchant (2000) from the auto-
mobile industry, where the JV agreements involve a “solidarity principle”: If actual
volumes deviate significantly from expectations, then ex post adjustments are made
where the party "over using" capacity relative to expectations, compensates the
party which is "under using". In the grocery markets different forms of buy-back
clauses may have the same effect (see e.g. Bloom et al., 2000).*

Since running royalties based on actual volumes weakly dominate schemes based
on predicted volumes, we concentrate on actual volumes when comparing to lump-
sum royalties. To highlight the vices and virtues of the rules, assume first that
the downstream firms do not compete, such that they are de facto monopolies in
their respective markets. Under a lump-sum royalty scheme the firms face the true
marginal costs, and will therefore set the same prices as a perfect cartel would do.
With running royalties, on the other hand, the perceived marginal costs are above
the real ones. Therefore prices will be inefficiently high compared to what maximizes
channel profits (analogous to Spengler, 1950).

Now, suppose that the firms are rivals in the downstream market. Then profits
under the lump-sum scheme will clearly be lower the better substitutes the con-
sumers perceive the goods to be. The same is not necessarily true with running
royalties. On the contrary, it might well be that profits increase as downstream
competition intensifies (products become closer substitutes). The reason for this is
precisely that end-user prices are too high under running royalties if the goods are
poor substitutes. Competition which presses down end-user prices and reduces the
perceived marginal production costs might thus benefit the firms - although they
will unambiguously be harmed if competition becomes too tough. Consequently, we

have the seemingly counter-intuitive result that up to a point, more downstream

4Lund et al. (2004) find an analogous form of adjustment applied to transfer prices by trad-
ing subsidiaries to avoid allegations of tax evation. Transfer prices are in most cases based on
projections, and projections are in many cases inaccurate. Thus the transfer price may fall short
of covering unit costs and tax authorities may suspect attempts of tax evation. To mitigate this,
many firms have started using so called "keep well" agreements which oblige the parties to make

year-end adjustments.
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competition increases profits. A corollary is that profit under running royalties
may be higher when JV members are downstream rivals than when they operate
in independent downstream markets. Managers arguing that they welcome more
competition are usually met with skepticism. However, this may actually be true
if they finance an input joint venture BY running royalties. Correspondingly, our
model predicts that running royalties are more frequently used the more aggressively
the firms compete in the downstream market.

The present paper is related to the literature on how unit royalties may be
used to soften competition among members of an input JV (see e.g. Priest, 1977,
Park and Ahn, 1999, Chen and Ross, 2003, and Motta, 2004). Park and Ahn
(1999) analyze joint ownership upstream combined with a conjectural variations
approach to downstream competition. The wholesale price between upstream and
downstream firms is determined through bargaining where the bargaining power is
based on the firms’ ownership shares. Park and Ahn show that each firm either
prefers a wholesale price equal to marginal cost or the monopoly price, depending
on its ownership share. Chen and Ross (2003), in contrast, focus on the profitability
of a JV compared to a full-scale merger. This is not an issue we focus on, nor on the
related question of whether competing firms should buy from a common supplier.
The latter is analyzed in Arya, Mittendorf, and Sappington (2008). They show how
an integrated firm (with its own upstream input) may choose to buy from the same
supplier as the downstream rival to make the external supplier less eager to offer
the input on favorable terms to the downstream rival.

Recent studies have found the use of actual (instead of predicted) volume to have
amiable properties also in regulated industries, specifically for regulation of access
prices.” Fjell, Foros, and Pal (2010) show that basing average cost access prices
on actual rather than predicted volumes, neutralizes the artificial cost advantage
enjoyed by a vertically integrated incumbent and hence creates a truly, level playing
field in the downstream market. See also Boffa and Panzar (2012).

The rest of the paper is organized as follows. In section 2 we present the model

5 . . . . . . . . .
°The majority of access price regulation rules within telecommunications used worldwide are

based on an averaging of fixed costs (Vogelsang, 2003).
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and compare pricing incentives under lump-sum royalties and running royalties.
Then, in section 3, we put more structure to the model (consider a quadratic utility
function) to compare profits and prices under the different schemes. Finally, in

section 4 we provide some concluding remarks.

2 The model

We consider a market structure where two competing downstream firms form an
input joint-venture (JV). Firm ¢ = 1,2 owns a share s; € [0, 1] of the JV. We assume
that ownership shares are exogenous, and that s; + so = 1.

The cost structure of the JV is given by

C=F+cQ, (1)

where F' is the fixed capacity cost, ¢ > 0 is marginal production costs, and @) is
output. It takes one unit of the JV good to produce one unit of the downstream
good, so with obvious notation we have Q) = q; + ¢o.

The JV’s fixed costs are covered by the downstream firms, and we compare the

outcomes from the following three payment schemes:

I Lump-sum (LS): Fixed costs covered through lump-sum payments. Since
lump-sum payments do not affect firm behavior per se, it is immaterial how
much of the fixed costs are covered by each firm. However, to be specific, we
assume that the lump-sum payment from Firm 7 equals s;aF, where o > 1 is

a markup on the JV’s fixed costs.

IT Running royalties based on predicted output (PO): Firm i pays %aF,
where @ is predicted aggregate output.

IIT Running royalties based on actual output (AO): Firm i pays %aF,

where () is actual output.

Since our focus is on whether the fixed costs should be financed through lump-

sum payments or running royalties, we assume that there is no mark-up on the

6
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JV’s marginal production costs. The downstream firms thus pay ¢ per unit of the
upstream good in addition to the royalties. Thereby we also avoid the trivial solution
that the JV partners achieve the same outcome as in a perfect cartel (or full merger)
by a suitable choice of wholesale price from the JV to the downstream firms (see
Priest, 1977, and Chen and Ross, 2003).

Regardless of which payment scheme is chosen, Firm ¢ receives revenues from
the JV according to its ownership share s;. Firm i’s profit under the three different

schemes is consequently given by:

w1 = (p;i — rps) ¢ — 5 F; where rpg = c (2)
F
7TZI'DO:<pi—7"PO)Qi+3iF (Oé%—1>;Whefe TPOZ%‘FC (3)
10 aF
7Y = (pi —Ta0) ¢ + $iF (a — 1) ; where ra0 = U+C (4)

Throughout we assume that the demand function ¢;(p1, p2) and the profit func-
tion 7; satisfy the following properties:
Jg dq; dq; Jyq; O,

< 0, > 0, — < ——— and >0 i,j=1,2,1 # j,
Op; 819]' Ip; Ip; 3271‘3293' ( )
5

Condition (5) implies that the products are imperfect substitutes and that prices

are strategic complements, as defined in Bulow et al. (1985). Throughout, we pre-
suppose that all stability and second-order conditions hold (see e.g. Vives 1999, ch.
6). Furthermore, we assume that the cross-price effects on demand are symmetric,
such that dq;/0p; = 0q;/0p;.

We assume the following structure and timing of the game: At stage 1 the
firms cooperatively choose between the LS, PO, and AO schemes to maximize
aggregate channel profits.® At stage 2 they non-cooperatively decide downstream
prices simultaneously.

In the lump-sum (LS) scheme it follows from (2) that the FOCs at stage 2 are
given by :

6This seems natural, since they do not have any conflict of interest in choice of royalty scheme.

7
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orks 0q;

— = |¢; + (pi —
Op; 1 (p TLS) Op;

Increasing the end-user price has the standard effect of raising the profit margin

= 0; where rp g = ¢ (6)

and reducing sales. Profit for Firm ¢ is thus maximized by setting p; such that the
sum of the terms in the square bracket of (6) is equal to zero.
Defining ¢; = — (0¢;/0p;) (pi/q;) > 1 as the own-price elasticity on good i, we

can rewrite (6) to arrive at the standard inverse elasticity rule:

1
1-1

€i

pi® = c. (7)

Under Running royalties based on predicted output (PO), it follows from
(3) that the FOCs at stage 2 can be written as:

onFo Jq; oF 0 oF
L~ 4 + (pi — rPO) 4 j © = 0; where rpp = — +¢ (8)

~

+ s
Ipi Q Opi
- —

downstream effect ownership effect
(=)

The term in the square bracket corresponds to the FOC for profit-maximization
under LS, c.f. equation (6). However, since the perceived downstream marginal
costs are greater here than under lump-sum financing (rpo > rrs), the end-user price
will also be higher. A qualitatively important difference from the LS case, though,
is that the firm will set a lower price than the one which maximizes downstream
profits if s; > 0, and more so the higher are s; and «. Formally, this follows from
the fact that the term outside the square bracket in (8) is negative (since g—g < 0),
such that the marginal profitability of a price increase is reduced. The intuition for
this is simply that the upstream profit that Firm ¢ makes from the JV is increasing
in actual output, and therefore decreasing in own price. Since Firm i cares more

about upstream profits the greater its ownership share in the upstream firm, we can

state:
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Proposition 1: Assume that running royalties are based on predicted output
(PO). The greater a firm’s ownership in the joint venture (s;), the lower its price

will be in the end-user market.

Solving equation (8) with respect to p;, we can write Firm ¢'s equilibrium price

as
1 aF 0q; / Op;
PO J/ Lt

b 1—§{C+Q { S( +an’/3pi ®)

Since % € (0, —1), the term in the square bracket of (9) is positive. Compar-

ing with equation (7), we thus see that the end-user price under PO is unambiguously
higher than under LS, but less so the greater the firm’s ownership share in the JV.

Finally, under Running royalties based on actual output (AO), the stage
2 FOCs follow from (4):

Orf Jy 0 I
g}; =g+ (pi —T40) a]i] + (— g;f) ¢ = 0; where rq0 = ar +c  (10)

Q

. J/

-~

downstream effect cost effect
(=)
The FOCs under scheme AO (10) are qualitatively different from the FOCs under
scheme PO (8). Under scheme AQO there is no ownership effect on Firm i’s pric-
ing incentives. The reason for this is that if the running royalties are based on
actual volume, then JV profits are simply determined by the mark-up on the fixed
costs given by a. In particular, JV profits are independent of output and thus of
downstream prices. In contrast to when royalties are based on predicted volume, a
majority shareholder has the same pricing incentives as a minority owner. A second
qualitative difference from PO is that downstream firms will now have incentives
to set relatively low end-user prices in order to increase output and thus reduce
the perceived downstream marginal costs, as shown by the term outside the square

bracket in (10):

87’AO alF 8@
= —— . 11
o ap (11)

9
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We can state:

Proposition 2: Assume that running royalties are based on actual output. In-
dependent of their ownership share in the joint venture, the firms have incentives to
set relatively low end-user prices in order to reduce downstream marginal production

costs T 40.

We can use equations (10) and (11) to write equilibrium prices as

pio = 1 {c+@{1—@<1+@%/6pi>}} (12)

12 Q Q 9q:/Ip;
Note that the term with the cross-price effect, (1 + %), is multiplied by Firm

i’s output share (¢;/Q). This share is equal to 1/2 if the firms are symmetric. If
royalties instead are based on predicted output, equation (9) shows that the term is

multiplied by the ownership share in the JV (s;). Interestingly, we can thus conclude:

Proposition 3: Assume s; # so. Other things equal, aggregate channel prof-
its are higher if the running royalties are based on actual rather than on predicted

output.

Proposition 3 is true because if the goods enter symmetrically in consumer utility,
then convexity of consumer preferences implies that aggregate profits for any given
output are maximized if the firms charge the same prices, other things equal. The
prices of the two firms will always be the same if running royalties are based on
actual sales, but not if the royalties are based on predicted sales and s; # ss. In the
latter case royalties based on predicted sales create a distortion in the market which
hurts the industry.

We assume that joint venture partners are rational when they predict output,
such that ¢; +¢; = Q. If s; = s, we find that the first-order conditions under both
PO and AO are equal to

onPo  9grA0 aF 0q; 1 oF Og;
= = |4+ \pi— —c +5
2¢ Ipi

= 0. 1
2 ¢ Op; 0 (13)

Ip; Ip;

This allows us to state:

10
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Corollary 1: Assume that the firms are symmetric and have the same ownership
shares in the JV (s; = so = 1/2). Then a running royalty scheme based on predicted

output yields the same profit as one based on actual output.

Even though the firms’ pricing incentives are quite different under the two
schemes (taking into account changes in upstream profits under scheme PO and
changes in marginal production costs under scheme AQ), the equilibrium outcomes
will thus be the same under perfect symmetry.

To summarize, the actual output scheme (AO) yields higher channel profits than
the predicted output scheme (PO), except for the special case s; = so = 1/2.

So what can be said about the relative performance of the lump-sum scheme?
We can draw quite general conclusions also with regard this question; whether LS
yields higher profits than running royalties depends on the competitive pressure.
This can actually be seen without making any calculations. Suppose first that the
goods are close substitutes (high cross-price effect). The firms will then necessarily
compete marginal profits down to zero as price approaches marginal cost. In this
case, a payment scheme based on running royalties (AO as well as PO) performs
significantly better than the lump-sum scheme (LS). This is because perceived
downstream marginal costs are higher under running royalties than under lump-
sum financing of the JV’s fixed costs. Thus, running royalties soften competition
and lead to a higher price level than the lump-sum scheme (L.S).

On the other hand, if products are poor substitutes (small cross-price effects),
the fact that a running royalty scheme artificially raises perceived marginal costs
above real marginal costs causes end-user prices to be too high. In this case, the
lump-sum scheme (LS) maximizes aggregate industry profits.

We can summarize these findings as follows:

Proposition 4: Financing the JV through running royalties (regardless of whether
based on actual or predicted output) yields higher channel profits than the lump-sum
scheme if downstream competition is sufficiently strong. Otherwise, aggregate chan-

nel profits are higher under the lump-sum scheme.
Since the JV members cooperatively choose the royalty rule at stage 1, they

11
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choose the rule that maximizes aggregate channel profits. Thus, the prediction
from above is that, all other things equal, firms choose running royalties (based on
actual output) as long as their products are close substitutes. When the degree
of downstream competition is sufficiently low, firms prefer lump-sum royalty to
running royalties. In the next section we illustrate the results above and also gain

some additional insight by using a specific utility function.

3 Lump-sum vs. running royalties: Comparison

of profits and prices

Let us now add more structure to the model by assuming that the consumers have

a quadratic utility function:

2

Ulq,q2) =v Y ¢ — (l—U)ZQ?+%<Zqi> : (14)

i=1
The parameter v > 0 in equation (14) is a measure of the market potential and ¢; is
consumption of good i. The parameter o € [0, 1) is a measure of how differentiated
the goods are; they are closer substitutes from the consumers’ point of view the
higher is o.7

Solving OU/dq; — p; = 0 for i = 1,2, we find

G = % <v = bi 5 (10_ p (pi +pj)) (15)

Further, from 15 we have that

TUtility function (14) is due to Shubik and Levitan (1980). The advantage of this formulation
is that ¢ is a unique measure of product differentiation. In a standard quadratic utility function,
on the other hand, an increase in ¢ both means that the products become less differentiated and
that the size of the market is reduced. See Motta (2004) for a discussion. Shaffer (1991) uses
a similar framework to provide a comparative welfare analysis of slotting allowances and RPM.
Deneckere and Davidson (1985) use the Shubik-Levitan utility function when they analyze the

merger incentives of price-setting firms.

12
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Q=v-— Z# (16)
Royalty scheme PO
Consider first the royalty scheme based on predicted output, and define f = F/ Q.

Inserting (15) into (3) and setting d7,;/dp; = Om;/dp; = 0 we find®

o - Ml ()
 (2-0)(v—r0c)— fa fa 1
0" = 2(4—30) i o (SZ a 5) (18)

Consistent with our general results above, equation (17) shows that the price charged
by Firm ¢ is decreasing in its ownership share s; in the JV. It thus follows that if
s; > s;, then p; < p; and ¢; > ¢;. However, aggregate output is independent of the
distribution of the ownership shares; combining (16) and (17) yields

(V-0 (2~-0)~ fa
4—30

QT = (19)

Assuming rationality, such that ¢; +¢; = Q, we can solve f = g to find that

(2-0)(w—c)— /2~ 0) (v - — 4Fa (4 - 30)

= 2
f = (20)
Letting I17° denote aggregate channel profits, we have
qro _[2=0)w=c) = fal 21 —0)(w—c) + fa] _fa?(1-0)(1=25)"
(4 — 30)? (4—0)? '
(21)

Royalty scheme AO
From the general analysis above we know that the outcomes under PO and AO

are identical if s; = 1/2. Therefore the expression for f in equation (20) holds in

2. _ 2.
81t can be shown that %p? = f% (%) < 0, that 8‘;7% = i (ﬁ), and hence that the second

2
" . : : L 0%m; 9Py 8m; _ 1 (16-160+35>
order conditions for a unique maximum are satisfied by: a7 ot \omor; ) = 16 o 1)? >
0.

13
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both cases, and Q49 = QY. By setting s; = 1/2 into equations (17) - (21) we can

further immediately see that we have:’

A0 2(1—0)(c+v)+co+ fa

p; = 4_ 30 ) (22)
0 = Eepie ot (23)
and
o _ Q=) @=0=f)QU=A@w=a+fo) _,
(4 —30)

Royalty scheme LS
The equilibrium with lump-sum financing of the JV’s fixed costs is most easily

found by setting av = 0 into equations (17) - (21). This yields

s _ 2(0—0)(ctv)tco

v 4 — 30 (25)
= 20

and
HL5:2(0—1)(C—U)2ﬁ—F. (27)

Comparison of royalty schemes AO and LS

We now concentrate on AQ for running royalties since this scheme weakly domi-
nates PO. To highlight the differences between financing the JV through lump-sum
payments and running royalties, let &« = 1 (such that there is no upstream profit).

We then find
(w-co—1

A0 _ 1S —
d (4-30)2 =

9This is of course straight-forwardly verified by inserting for (15) into (4) and solving dm;/9p; =

14
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The left-hand side panel of Figure 1 shows I11C and I as functions of the differ-
entiation between the goods. Not surprisingly, the curve IT*° is strictly downward-
sloping. This reflects a well-known result; the better substitutes two firms produce,
the more fiercly they will compete. At ¢ = 1 the goods are perfect substitutes, and
we will then have the Bertrand paradox where price equals marginal costs (p = ¢). If
both firms are operative, they will not be able to cover the fixed costs (F'). With the
chosen parameter values (see Appendix), we have II*® > 0 only if 0 < 0.5 = 0.75.

The curve IT49 is more striking; but illustrates Proposition 4. The curve is at
first upward-sloping. Along this segment the firms will consequently make higher
profits the better substitutes they produce. The reason for this surprising result
is that competition presses down end-user prices, and thus increases output. This
means that () is an increasing function of o, and f is therefore decreasing in o. Put
differently, because competition induces the firms to expand output, they will also
face lower (perceived) marginal production costs. This in turn leads to a further
increase in output. Competition thus creates positive externalities between the rivals
which imply that profits increase along the upward-sloping curve. The profit margin
falls, but due to the lower marginal production costs output increases sufficiently
to increase joint profits. However, as we approach o = 1, the firms will necessarily
compete total profits down to zero. This is nonetheless significantly better than
if the firms had planned to finance a possible JV through lump-sum payments;
downstream profits would then be pressed down to zero, making the joint venture

project infeasible.!’

10Tf @ > 1 the firms would make super profit (7; > 0) even at s = 1, while they would be unable

to cover the fixed at least in the neighborhood of o =1 if a < 1.
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Figure 1: Profits, prices and substitutability

The artificially high marginal costs thus explain why IT4¢ > ITI* if ¢ is suffi-
ciently high (0 > 0.1). Interestingly, they also explain why 1149 < II*S for lower
values of 0. This is most easily understood if we consider the limit o = 0. Here each
firm has monopoly power in its own market segment, and profits must then necessar-
ily be highest if the firms set prices based on the true marginal costs (c¢). However, at
o = 0 output will be particularly low, and the perceived marginal production costs
(r) thus correspondingly high. We consequently see that whether output-based or
lump-sum financing of the JV is most profitable depends critically on how fiercly
the firms compete in the end-user market (and on the value of «).

Some further insight into the relationship between end-user prices under running
royalties and downstream substitutability is provided in the right-hand side panel
of Figure 1. The cartel price in our numerical example is p°e = 5 (the intrinsical
willingness to pay for the goods, and thus the cartel price, is independent of how
close substitutes the goods are). If the goods are poor substitutes, the artificiality
high perceived marginal costs imply that end-user prices will be much too high -
they are equal to pA° = 10 for ¢ = 0. As ¢ increases and competition intensifies,
the perceived marginal costs and end-user prices fall. At o =~ 0.84 we arrive at the
remarkable result that the equilibrium price with competition is equal to the cartel
price. Only if the goods are closer substitutes than this will the firms compete prices
below the level that maximizes aggregate channel profit.

Finally, let us look at the relationship between profits and ownership shares in the

JV when the royalties are based on predicted output. As noted above, asymmetric
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ownership creates a distortion in the end-user market that reduces joint profits, and
it is not clear whether the majority or minority share owner will make the higher
profit. For the specific model used in this section we prove the following in the

Appendix:

Proposition 5: Assume that royalties are based on predicted output and that
s1 > 0.5. Firm 1 has lower total profits than Firm 2 if o < 0* = % and higher

profits if o > o* (m <7y if 0 <o* and T > W if 0> 0F).

To see the intuition for Proposition 5, assume first that o =~ 1. The goods are
then almost perfect substitutes such that the cross-price elasticity is very high. Firm
1 will thus capture most of the market and make a higher profit than its rival. It
thus benefits from the fact that its high ownership share makes it credible that it
will set a low end-user price.

Suppose next that ¢ = 0. Now there is no competition between the firms, and
the low price charged by Firm 1 is clearly an advantage for Firm 2, because it
increases its output and thus reduces the perceived marginal production costs (7).
In a sense Firm 2 is a free-rider in the downstream market for Firm 1’s pursuit of
higher upstream profits.

The result in Proposition 5 is shown by the hump-shaped curves in Figure 2
(see Appendix for parameter values). The maximal differences in profits for the two
firms are more pronounced the higher the fixed costs. This is because the larger
is F', the stronger incentives Firm 1 will have to set a relatively low end-user price
to expand output. This explains why the solid curve (where F' = 5) in Figure 2 is
flatter than the dotted curve (where F' = 10).
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Figure 2: Asymmetric ownership shares and profits.

4 Concluding remarks

In this paper we analyze a market structure where two downstream competitors
establish an input joint venture, and we show how the choice of royalty rule to cover
fixed costs may affect competition downstreams. If the firms compete aggressively,
their aggregate profits are higher under running royalties than under lump-sum
royalties. If running royalties are used, we show that there is a hump-shaped rela-
tionship between the firms’ profitability and how fiercly they compete.

We do not analyze interactions with firms outside the joint venture. If there is a
third firm in the market (with access to an alternative input source), our conjecture
is that the use of running royalties may lead to a Stackelberg game where the
two JV members commit to using higher (perceived) marginal costs when deciding
on downstream prices. In such a context, the outcome could crucially depend on
whether the JV members can credibly commit to a royalty rule observed by the
third firm.

Another interesting topic is the potential effects of allowing the JV to offer

access to the input joint venture to a third party. Even if the third party operates
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in an independent downstream market, providing such access will typically affect
the coverage of fixed costs. Under running royalties, this would affect downstream
pricing incentives. Interactions with (i) a third party with access to an alternative
input source and/ or (ii) a third party that buys access from the JV are interesting

topics for further research.

5 Appendix

Parameter values
In Figure 1 we have set « =1, s;, = 1/2, v = 10, ¢ = 0, and F' = 20. In Figure 2
a=1,s =3/4,v=10and c=0.

Proof of Lemma 1

Inserting for (20) into the firms’ profit functions we have

T — Ty = —2 <51 - 1) (4fié ;10)—(:)_]\;)

where N =2(1—-0)(v—c¢) — \/(2 —0)*(v—¢)> —4Fa (4 — 30). It is now straight
forward to show that signN = sign [4Fa — o (v — 0)2] . Q.E.D.
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In a model where two competing downstream firms establish an input joint venture (JV), we
analyze how different royalty rules for covering fixed costs affect channel profits. Under run-
ning royalties (regardless of whether based on predicted or actual output), the downstream
firms’ perceived marginal costs are above the true marginal costs since fixed costs are in-
corporated. We find that tougher competition between the JV partners may actually increase
channel profit under such a scheme. We also show that running royalties based on predicted
output are outperformed by royalties based on actual output, but that lump-sum financing of

the JV is preferable if the competitive pressure is weak.
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