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1 Introduction

This paper examines the role of basic R&D investment in vertical markets where a basic
technological input is needed in the production of a final good. Examples include the
pharmaceutical, electronics or computer industries, where previous knowledge, obtained by
means of basic R&D effort, is needed before its application to the production of final goods. In a
variety of cases, a large part of this basic research is undertaken by public research centres,
including universities or scientific institutes, in a context where most of the empirical evidence

points to a positive relationship between public and private R&D expenditures.l

There are several arguments justifying the public intervention to stimulate basic R&D
investment, particularly when a long-run causality emerges from public R&D expenditure to
private R&D expenditure (e.g., see Yoo, 2004). Most people, in fact, do believe that public R&D
can contribute to economic performance through its impact on industrial productivity growth.
However, the empirical evidence points out that privately funded R&D in manufacturing
industries yields a relevant premium over the rates of return from public R&D (e.g., Griliches,
1995). According to this evidence, one could conclude that public R&D should not to be
expected to have a relevant direct impact on industrial productivity. Beyond that, public funding
of R&D can also enhance economic performance indirectly by complementing and stimulating
private R&D expenditures, even if it has been undertaken with other purposes in view (David et
al., 2000). In this case, public R&D is sometimes assigned to public institutes and national
laboratories characterized by generating basic R&D that may encourage applied R&D
investments by firms on the grounds of knowledge spiIIovers.2 Our work contributes to this
literature by focusing on the role played by public investment in basic R&D on the degree of

competition in vertically related markets. In particular, we show that a government maximizing

! Among others, see Lichtenberg (1987), Ward and Dranove (1995), and Guellec and van Pottelsberghe
52003). For a survey, see David et al. (2000).

For instance, in their empirical study Ward and Dranove (1995) examine the relationship between basic
and applied pharmaceutical research by focusing on government-funded basic research, publication in
medical journals, and industry-funded applied R&D. These authors estimate that a one percent increase in
basic research in a particular therapeutic category leads to a 0.76 percent increase in industry R&D in that
category, and a 1.71 percent increase in other categories, over seven years.



overall welfare might be interested in financing basic R&D activities even if these activities are
not applied in equilibrium. The intuition behind this apparently paradoxical result can be
explained as follows. In many markets, producers of a final good (computers, pharmaceuticals,
etc.) usually depend on some basic technological input patented by an upstream supplier
(operating systems, the formulae to obtain a pharmaceutical product, etc.). Under these
conditions, public intervention might contribute to the development of substitutive technological
inputs in order to stimulate a more competitive behaviour of incumbent owners of this type of
input. However, since the basic R&D is usually accompanied by substantial applied investment,
the associated increasing returns to scale imply that, under reasonable conditions, the optimal
policy should deter the useless replication of this applied R&D. Thus, on the one hand basic
R&D is needed in order to "discipline" the incumbent upstream firm, but on the other hand
replication of applied R&D should be avoided. Of course, there is also an inefficiency associated
with the development of the basic research which is not finally applied, but it turns out that this
research is necessary to make it credible the threat of applying alternative knowledge inputs

under too expensive prices of existing technological inputs.3

Our analysis suggests that government-funded basic research can have an indirect
impact on economic performance through its influence on the strategic behaviour of firms in
vertical markets with upstream technological inputs. Based on that, our work is related to some
recent contributions in the context of those markets. In particular, Hall and Hall (2000) have

calibrated an oligopoly model to quantify Microsoft's conduct, showing that their results are

® An example of this type of behaviour corresponds to the development of the so-called "free software" or
"freeware" by universities and governments in a number of countries, including the development of several
variants of Linux (e.g., Linex). Among others, further examples include public basic research in embryonic
stem cells in the face of upstream patents of this type of scientific essential facility (e.g., see Davis, 2005),
some innovations made by the NASA such as materials subsequently used in industrial production
processes, and the basic research funded the Department of Energy (DOE) Office of Science. In specific,
the DOE Office of Science initiated the Human Genome Project and currently it is developing the next
generation supercomputer and is engaged in advanced climate modelling. DOE and its predecessor
agencies have supported the work of more than 65 Nobel Laureates, and recent advances funded by the
DOE Office of Science include hydrogen production that is key for energy storage, the Nobel Prize-winning
discovery of a new form of carbon, non-invasive detection of cancers and other diseases that provide
upstream base for further developments at the pharmaceutical industry level, advanced x-ray microscopes
that allow development and analysis of nanoscale devices essential to the semiconductor industry, and
new insights into the fundamental nature of matter and energy.



consistent with the idea that Microsoft sets the price of Windows to deter self-supplying of
alternative operating systems by computer manufacturers. A similar analysis is undertaken in
Hall (2000), whereas Fudenberg and Tirole (2000) have emphasized the role of network
externalities to illustrate the effects of entry-deterrence pricing in those technological markets
(see also the evidence by Foncel and Ivaldi, 2005), and Mukherjee and Ray (2007) examine
strategic outsourcing and R&D in a vertical structure. Neither of these works, however, has

focused on the role of public investment on R&D as a device to reach optimal levels of welfare.

The rest of the paper is organized as follows: Section 2 presents the model, Section 3

deals with the welfare analysis, and Section 4 concludes.

2 The model

We consider two vertically integrated markets where the upstream market provides a basic
technological input (e.g., operating system) to a downstream industry (e.g., computer
manufacturers). As in Hall (2000), in the upstream market there is a single supplier of the
technological input to M downstream firms selling the final consumption good. Additionally,
there are N potential self-supplying firms in the downstream market. In order to become active,
each of these potential firms must develop an alternative technological input which involves a
total fixed cost 4 > 0 in the absence of government intervention. The demand of the final

homogeneous good is p = a — x, where x is total output and p is the price.

The role of the government is determined by the possibility of public investment in R&D.

We denote by « the proportion of 4 subsidized by the government (0 < ¢ < 1). We will interpret

aA as the basic R&D devoted to develop a new technology (e.g., a hew operating system).

Since this basic research is a non-rival good, once it has been developed, the government can

allow more than one firm to use this technological input at zero cost. Under such circumstances,
in order to be able to produce, each firm must pay a fixed cost (1 — a)4, which can be

interpreted as the complementary applied R&D effort necessary to implement the basic



knowledge obtained by the government. In contrast with the basic research, applied R&D is
assumed to be a rival good. This assumption is reasonable if we think about (1 — @)4 as the
specific effort that each firm has to undertake in order to learn and apply the new technology.
Our formulation implies that this extra effort is lower the greater the volume of basic R&D (for
instance, by increasing o the government can decrease to a relevant extent the difficulties

associated with the application of the new technology).

The basic R&D effort undertaken by public entities can be interpreted in different ways. In
the context of the computer and internet industries, a relevant aspect of this basic research has
to do with the compatibility between new alternative hardware or software and previously
existing technological inputs. In line with this interpretation, the so-called "free software"
currently developed by a variety of public institutions, including universities, faces the important
problem of developing compatibilities with prevalent devices and operating systems. Other
relevant aspect regarding the potential applicability of basic R&D is the dissemination of
knowledge, where technology transfer offices may play a crucial role (e.g., see Macho-Stadler

et al., 2005).

We deal with a three-stage game as in Hall (2000). At the first stage, the upstream

monopolist sets the same two-part tariff (, L) for each of its M downstream customers, where L
is a lump-sum component and r is a unit tariff. At the second stage, each potential entrant
decides whether to enter the market, so that entry involves the payment of a fixed cost (1 — a)4.
Finally, at the third stage, Cournot competition takes place among the active firms in the final

good market.* The cost functions of each customer of the upstream firm and each self-

* our setting can be extended to allow for each of the M customer firms to develop the alternative
technological input. This would complicate the computations without affecting our qualitative insights (e.g.,
see Hall and Hall, 2000). Additionally, well-known commitment items in the vertical contracting literature
could be analyzed along the lines, e.g., of McAfee and Schwartz (1994), and Rey and Tirole (2007),
depending on the contracts allowed, the firms’ information, and their beliefs about what they cannot
observe.



supplying firm are, respectively, C.(x.)=(c+7)x.+L and Cg(xy)=cxg +(1-a)A4, where 0 <

c¢<a,and x. and x, denote each of these firms' output levels, accordingly.

As is shown by Hall (2000), for a sufficiently large number of potential entrants, the
upstream firm's optimal strategy is to set » such that entry of self-supplying firms is deterred.®
However, if the number of potential entrants is not too large, the incumbent supplier must
choose between deterring or accommodating entry. In the following analysis we consider both

possibilities.

Once the supplier has chosen r, the asymmetric Cournot equilibrium with M customers

and n < N self-suppliers yields the following individual and total output and price:

a—c—(n+r a—c+ Mr
o= k= (1)
M +n+1 M+n+1
xz(M+n)(a—c)—Mr’ 2)
M +n+1
_a+Mr+(M +n)c 3)
M+n+1 '
The profit of a self-supplying active firm is given by
2
a—c+ Mr
ny=|—| -(1-a)4. 4
s (M+n+1j ( ) @

Since the upstream firm uses the lump-sum part of the contract to absorb the profits of
the M customer firms, the profit earned by the upstream supplier with M customers and »n self-

suppliers will be given by

® Variants of this result have been previously obtained by Gilbert (1986), Corchén and Marcos (1988), and
Vives (1988) in the context of the so-called "limit price" models.



ﬁuzM(mj (a—c+Mr)a—c—(n+1)r). ®)]

Under accommodation, the profit-maximizing level of », given n and M, is

(M —-n—-1)a-c)
2M(n+1)

ry(n,M) = (6)

which inserted into (5) leads to upstream firm's profit under accommodation with » active self-

supplying firms:

_(a —c)2
”A(naM)——4(n+1)- (7)

From expression (4) it follows that the value of  that would yield zero profits with n self-

supplying downstream firms is

r_5(M+n+1)—(a—c)
- M

, @®)

where 6 =./(1-a)A . Since the n-th self-supplying firm does not actually enter the market at

this price, it turns out that the value of r that results in the entry of n firms is

OM+n+2)—(a—c)

rp(n, M) = v

©)

Inserting this expression into (5) yields the upstream firm's profit as a function of » in the

case of (partial) entry deterrence with n self-supplying active firms:

7Z'D(n,M)=5M+—n+2(a—c—(n+l)

M+_n+25j, (10)
M+n+1

M+n+1



As was noticed by Hall (2000), this expression is strictly decreasing in n if r, <r,

(which holds for d small enough). Therefore, if the optimal upstream firm's strategy is to deter

entry then it must be the case that n» = 0. In consequence, the upstream monopolist must

compare profits under the following alternative strategies:
i) Deterring entry by setting

oM +2)—(a—c)
i .

rP = 7, (0,M) =

i) Accommodating entry with

(M—-N-1)a-c)
2M(N+1)

r'=r,(N,M)=

By using (7) and (10) evaluated, respectively, at n = N and n = 0 we obtain

_(a —c)2

AN+’

' =m,(N,1)

2=z, (0= 25 g M2 5
M +1 M +1

(11

(12)

(13)

(14)

where 7 and 7” stand for upstream profits under accommodation and entry deterrence,

respectively. Normalizing such that (a — ¢) = 1, it turns out that

1 M +2 M+2
-’ =0 M 5(1— Al o,
4N+1) M+1 M +1



and denoting by &' the critical value for ¢ in this equation such that the optimal upstream firm's

strategy is entry deterrence, we can write

sony=MHL 1IN (15)
M+2\2 2\VN+1

In terms of « this critical value is given by

, (MY [ [N Y
a'(M,N,4)=1 (M+2) 4A{1 J . (16)

From our previous analysis and expression (16) we obtain our first result:

Proposition 1 Entry deterrence is profitable for the upstream firm if and only if « is smaller

!

than «'; otherwise, the upstream firm is interested in accommodating entry. This critical level «
is strictly increasing in A, strictly decreasing in the number of customers (M) and strictly

increasing in the number of potential competitors ().

Intuitively, if « is greater than o entry deterrence is too costly for the upstream firm,
since it involves a too low input price. Note that ¢’ is increasing in N because the greater the
number of competitors, the lower the input price under accommodation and the more likely that
the upstream firm prefers to deter entry. In contrast, &' decreases with M because with a

greater number of customers the profitability of entry deterrence is lower, while under
accommodation the input price is adjusted so that the degree of competition is independent of

M (see expressions (13) and (14)).

In the next section, we investigate the socially optimal value for ¢, taking into account the

firms' strategic behaviour.



3 Welfare analysis

In this section we consider the previous model from the social welfare point of view. Specifically,
we are to obtain total welfare as a function of « in order to investigate the socially optimal level
of basic R&D. To that end, define total welfare as W = CS + Il — a4, where CS is consumers'

surplus and IT are total profits, defined respectively as

CS(x) = (;fx(p(t)—p(X))dt =%x2, (17)

M(x,n) =7, +nrg = (p(x)—c)x—n(l—a)A=(1-x)x—n(l—a)A. (18)
Therefore,

W(x,n)zx—%xz—n(l—a)A—aA. (19)

Making use of (2), (11) and (12), we can obtain total production and welfare under

accommodation and entry deterrence, respectively:

y _l 2N +1
x (N)_z( Y ) (20)
) _(2N+1)(2N+3)_ B
W*(N,A,a) = SV £1)° NA+(N -1 Aa, (21
D B _M+2 —
x“(M,A)=1 MHJ(I a)4 , (22)



2 2
WD(M,A,a)zl—l[M+2j A+ 1(M+2] “1|da. (23)
2 2\M+1 2\ M +1

Since the latter expression is strictly increasing in M, it follows that

WP (M, A,a)-W*(N,A,a)>W" (1, 4,0) -W*(N,A4,at) =

:l_(2N+l)(2N+3)+(N_2JA(1_0!)>0
2 8(N +1) 8 ’

24)

where the positive sign follows from the following facts: (i) F(V) = 2N + 1)(2N + 3)/(8(N + 1)?)
is strictly increasing in N, (i) F(N) tends to 1/2 as N goes to infinity, and (iii)
WP, 4,a)-W*(1,4,a)=(1/32)— A(1-a)/8>0, which is ensured by the condition of

positive profits under monopoly, 4 < 1/4.

This analysis gives rise to our second result:

Proposition 2  For any given level of ¢, the optimal antitrust policy is to allow for entry-

deterrence pricing by the incumbent supplier.

This result conforms to the conjecture formulated by Hall and Hall (2000) that entry-
deterrence pricing used by Microsoft in order to deter the development of alternative operating
systems might be, actually, welfare-enhancing. The basic argument is that the full development
of alternative operating systems involves a socially wasteful replication of R&D efforts. However,
those authors also note that, in order to lower this entry-deterrence price, antitrust regulation
must control for other aspects of Microsoft's conduct, like contracts, technological
compatibilities, etc. In the following analysis we propose an alternative, possibly more efficient

pro-competitive policy: using the level of public investment in R&D (represented by @) as a way

of reducing the price of the incumbent's technological good.

10



According to our previous result, for any « social welfare is greater under entry
deterrence. However, this is only the optimal incumbent's strategy if « is lower than the critical
level &' defined in (16). Otherwise, total welfare is determined by the accommodating strategy of

the incumbent firm. Therefore, total welfare is a function of ¢ given by

WP(M,A,e)  if a<a’

, 25
W*(N,4,a) if a>a' (23)

W(M,N,A,a)z{
with W” (M, A,) and W*(N,A,c) as in (21) and (23) above. The function W(M,N, 4,a) is
represented in Figure 1 at the space (a,W) for any N> 1. Furthermore, from (16) we have
1 @2N+D@2N+3)

WP (M, A,a'(M,N,A)-W*(N,A4,1)=—
( ( ) ( ) 5 SV + 1)

{l(M +2j —1}(1—0{’(M,N,A))A =

2\ M +1

1 _(@N+D@N+3)
2 8(N +1)°

-l -5

Given that this expression is strictly increasing in M, we have

(26)

WP(M,A,a'(M,N,A)-W*"(N, AN >W" 1, 4,a'(1,N,A)-W*(N,A4,1) =
_l_(2N+l)(2N+3)_i(l_ N Jz 27)
Va1l

2 8(N +1)° 72 N+

From this expression, o[W"(1,4,a'(1, N, A))—W*(N, A,1)]/0N <0 for all N> 1, and in

addition lim, . [W”(1,4,a'(N,A)-W"*(N,A,1)]=0. As a consequence, it turns out that

N—>o©

WP(M,A,a'(M,N,A)>W*(N,A4,1) forany N> 1.

11



We can thus summarize our results from this analysis in the following:

Proposition 3 The socially optimal value of « is given by " = ', which is the maximum value

of «a that induces the incumbent supplier of the technological good to set a price that deters the

application of the new alternative technology.

The economic explanation of this proposition can be illustrated by means of Figure 1,
which depicts the function W(M,N,A,«). The interesting aspect in this result is that the
government helps in undertaking the basic R&D investment necessary to develop a technology,
but this investment is never applied in equilibrium. Intuitively, the government uses o as a

disciplinary tool to control the incumbent's behaviour. The key aspect of this discipline device is
that by undertaking more basic research, the government makes the threat of self-supplying

credible in the case where relatively high prices are charged by the incumbent for its

technology. Put in other terms, in this case, increasing « till the critical value «' allows the
government to reach simultaneously two objectives: inducing a lower input price by increasing o

and avoiding duplication of applied R&D investment.®

4 Conclusions and final comments

Our main insight is that there is a role for public investment in R&D that seems to have been
overlooked in the literature. In particular, we show that the optimal level of basic R&D in our
model is such that the alternative technology is never developed in equilibrium. The explanation
of this result is that basic research plays a crucial role in inducing a more competitive behaviour

on behalf of the incumbent supplier of knowledge goods. This role is based on the idea that

® In a context where N = 0, a policy consisting of an R&D subsidy to the applied research effort by each
customer firm would make it credible the development (by customer firms) of the alternative technological
input, thus having consequences similar to those from our assumed basic R&D policy. However, this
would tend to be less efficient than a basic R&D policy, since it involves the replication of applied R&D
subsidies, given the rival nature of applied R&D.

12



basic R&D makes the potential development of alternative technologies credible by reducing

their application costs.

One interesting implication of our model is that a Research Joint Venture (RJV) might
be socially undesirable. To see this, note that our parameter « can be also interpreted as the
basic research investment paid by (potential) self-suppliers of the technological good. Our
model suggests that if the development of this basic R&D is followed by the actual application of
an alternative technological input (as is usually the objective of private RJVS) then the final
outcome is likely to be wasteful.” If the conditions of our model are satisfied, the optimal policy
would be to discourage the formation of the RJV and, instead, developing a public program of

basic research.

Finally, another policy implication from our results, regarding antitrust analysis, is that
they may weaken the arguments against anti-predation behaviour. In fact, our model suggests
that the entry-deterrence behaviour by the incumbent supplier is socially efficient, under some
conditions, since it avoids useless duplication of applied investments. However, this entry-
deterrence behaviour should be regulated by the government through the appropriate level of

basic R&D investment.

! Examples of this type of RJV include the development of alternative formats for DVDs by different RJVs
formed by several producers of music, video and electronics; and the RJVs formed by some Chemestry's
shops to develop a new toothpaste.

13
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