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ABSTRACT
Objective: The aim of this article is to investigate the impact of vertical R&D cooperation
on market performance of firms. Specifically, we explore the impact of vertical R&D co-
operation on firms’ process innovation, outputs, market prices, and economic profits.
Research Design & Methods: We apply microeconomic methods of analysis, i.e., math-
ematical modelling and optimisation procedures. We perform a comparative static
analysis of two selected patterns of R&D in a supply chain, i.e. independent behaviour
of firms and behaviour of firms in a vertically integrated industry.
Findings: Vertical integration leads to significantly higher individual R&D investments.
For all values of knowledge spillovers, consumer surplus and social welfare are higher
under vertical integration compared with the independent behaviour of firms. Under
independent behaviour, profit of the supplier is significantly larger compared with the
vertical integration. The profit of the final-good manufacturer is significantly lower un-
der independent behaviour compared with the vertically integrated industry.
Implications & Recommendations: In regard to business and public policy implications,
the large knowledge spillovers promote consumer surplus and social welfare in the ver-
tically integrated industry, while small knowledge spillovers promote process innova-
tions in the vertically integrated industry.
Contribution & Value Added: Firms’ process innovation benefits from the vertical inte-
gration of the industry. Moreover, the greatest benefits from vertical integration for con-
sumers and social welfare come from the largest knowledge spillovers in the industry.
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INTRODUCTION

In the last 25 years, cooperation in research and development (R&D) increased signifi-
cantly due to important structural changes in the business environment of innovation-ori-
ented enterprises (Van Beers & Zand, 2014; Kosata, 2015; Wach, 2016; Dai, Zhang, & Tang,
2017; Belderbos, Gilsing, Lokshin, Carree, & Sastre, 2018; Capuano & Grassi, 2019). First,
the rising complexity of products and technologies dramatically increased the R&D costs
and risks for innovation-oriented firms, such that modern R&D can hardly be dealt with by
only relying on a firm’s own investments, resources, or capabilities (van Beers & Zand,
2014). As a result, networking or cooperating in R&D with different and diverse partners
— competitors, suppliers, buyers, universities, or research institutes — became a standard
innovation activity, as witnessed by the rapid growth in strategic alliances with various
R&D partners in recent years (Hagedoorn, 2002; Belderbos, Carree, Diederen, Lokshin, &
Veugelers, 2004a; Wassmer, 2010; Van Beers & Zand, 2014; Witek-Hajduk & Napidrkow-
ska, 2017; Belderbos et al., 2018; Karbowski & Prokop, 2018; Bustinza, Gomes, Vendrell-
Herrero, & Baines, 2019). The globalisation wave of the last 25 years brought about signif-
icantly more possibilities for cross-national alliances and partnerships, which definitely
contribute to competitive advantages of global firms in foreign markets (Lavie & Miller,
2008; Van Beers & Zand, 2014; Belderbos et al., 2018; Karbowski & Prokop, 2018).

The business shift towards R&D cooperation is reflected by the growing interest of
scholars from diverse fields — e.g. economics, engineering, management, or sociology —in
different forms of R&D collaboration (see, e.g. Harryson, 2006; Belderbos et al., 2018).
Surprisingly, there is a lot of research on horizontal R&D cooperation (cooperation with
competitors) and institutional R&D cooperation (cooperation with universities or research
institutes), but little on vertical R&D cooperation (for overviews, see, e.g. Bhattacharya,
d’Aspremont, Guriev, Sen, & Tauman, 2012; Ge, Hu, & Xia, 2014). The following paper aims
to, at least to some extent, fill in the identified research gap by examining the impact of
vertical R&D cooperation on industry performance of firms. Specifically, our research
questions consider the impacts of vertical R&D cooperation on enterprise innovation, con-
sumer surplus, and social welfare in the presence of knowledge spillovers in the industry.
We contribute to the literature by showing when the benefits from the vertical R&D coop-
eration are the highest for the firms’ profits, innovation, consumer surplus, and social wel-
fare. The relatively low values of knowledge spillovers the most effectively promote firms’
innovation, while the relatively high values of knowledge spillovers the most effectively
promote firms’ profits, consumer surplus, and social welfare.

Using mathematical modelling and optimisation procedures, this article compares two
models of vertical R&D: (i) the independent behaviour of firms in a supply chain, and (ii) the
behaviour of firms in a vertically integrated industry. In particular, we compare the values
of R&D investments, quantities (outputs), prices of the goods, economic profits, consumer
surpluses, and the values of total welfare between industry setups under scrutiny.

The paper proceeds as follows. First, we review the relevant economics and manage-
ment literature. Next, we briefly describe the materials and methods used in the present
research. Then, we model R&D activities of firms under two distinct industry setups: (i) the
independent behaviour of enterprises in a supply chain, and (ii) the behaviour of firms
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under vertical integration. We discuss the obtained results in a section that follows and,
lastly, draw conclusions in the final section of the article.

LITERATURE REVIEW

According to Un, Cuervo-Cazurra, and Asakawa (2008), knowledge obtained from cooper-
ating with suppliers is quite narrow, since both suppliers and the cooperating firm operate
in the same or similar industry. However, according to these authors, the knowledge pro-
vided by suppliers is still useful as a part of specialised set of skills possessed by suppliers
and not the given firm. The cooperating firm can rely on its suppliers’ specialised
knowledge to create better products (Takeishi, 2002; Liu & Atuahene-Gima, 2018).

Among many others, Hagedoorn (1993), Hendrikse (2003), Becker and Dietz (2004),
Belderbos et al. (2004a; 2018), Belderbos, Carree, and Lokshin (2004b) and van Beers and
Zand (2014) claim that firms may streamline and save R&D and manufacturing costs within
the supply chain by setting up the cooperative R&D arrangements. Moreover, R&D coop-
eration within the supply chain is often related to input or component improvements
(Hagedoorn, 1993; Un et al., 2008; Capuano & Grassi, 2019). R&D cooperation with sup-
pliers may also be beneficial for product innovations due to the existence of complemen-
tary product development capabilities between the cooperating firm and its suppliers (Un
et al., 2008; Liu & Atuahene-Gima, 2018). Furthermore, Clark (1989a; 1989b) observes that
buyers can benefit from engaging suppliers in the product development through gaining
better time-to-market of new products, reducing product development costs, or achieving
product quality enhancements (Li & Chen, 2018). Suppliers can also help the cooperating
firm gain new competencies, share risks, or move faster into the new markets (Wynstra &
Weggemann, 2001; Un et al., 2008; Belderbos et al., 2018).

Most papers on the impact of R&D cooperation on market performance of firms focus
on the horizontal R&D cooperation, i.e. R&D cooperation between competitors. The sem-
inal works by d’Aspremont and Jacquemin (1988; 1990) compare the non-cooperative
(R&D competition) scenario to the cooperative one (R&D cooperation or R&D cartel).
Scholars proved that total welfare is higher with cooperative R&D (Bhattacharya et al.,
2012) under sufficiently strong knowledge spillovers in the industry (for a wider discussion
on the knowledge spillovers, see Marshall, 1890; Arrow, 1962; Jacobs, 1969; Romer, 1986;
Porter, 1990; Glaeser, Kallal, Scheinkman, & Shleifer 1992; Geroski, 1995). This result is
confirmed by Kamien, Muller, and Zang (1992) in a more general model with the possibility
of product differentiation. However, some suggest that the horizontal R&D cooperation
between firms may also lead to the anti-competitive behaviour of firms at the production
stage (see, e.g. Belleflamme & Peitz, 2010; Sovinsky & Helland, 2012; Karbowski & Prokop,
2018). As a result, the enterprises that cooperate in R&D may collude on the final product
market to the detriment of total welfare and consumer surplus (Leibowicz, 2018).

As Geroski (1992), Harabi (2002), and Ge et al. (2014) observe, vertical R&D coopera-
tion may perform better than the horizontal one, since the latter brings a significant risk
of industry cartelisation. Moreover, vertical R&D cooperation is a more frequent mode of
cooperation between enterprises than the horizontal one (Arranz & de Arroyabe, 2008;
Ge et al., 2014; Dai et al., 2017). Surprisingly, little theoretical work appeared on vertical
R&D cooperation (cf. Inkmann, 2000; Ge et al., 2014). One of the notable exceptions is
Steurs (1995), who extends the analytical framework developed by d’Aspremont and



76 | Adam Karbowski, Jacek Prokop

Jacquemin (1988) and shows that the vertical R&D agreement is more likely to result in
higher individual R&D investments, output, and total welfare compared with the horizon-
tal agreement (also see Ge et al., 2014). Allowing for both horizontal and vertical R&D
spillovers, Atallah (2002) investigates R&D investments and total welfare among (i) non-
cooperative R&D, (ii) two horizontal RJVs (research joint ventures), (iii) two vertical RJVs,
and (iv) one complete RJV. The obtained results turned out ambiguous. In turn, following
Kamien et al. (1992), Ishii (2004) analyses vertical R&D cooperative arrangements (vertical
R&D cartels) with vertical non-cooperative RJVs and vertical RJV cartels (for interesting
comparisons, see Manasakis, Petrakis, & Zikos, 2014). The advantage of one of the above
models of vertical R&D over the others turned out to depend on the value of knowledge
spillovers in the industry. Xu, Liang, Duan, and Xiao (2015) use the analytical framework
developed by Kamien et al. (1992) to formally show that vertical R&D cooperation is un-
stable, as the downstream firm is more likely to break the cooperation agreement. There-
fore, when establishing R&D cooperation, firms must carefully consider the reputation of
potential partners and the extent of trust between the firms operating in the supply chain.

Manasakis et al. (2014) consider the downstream firms’ incentives in a vertically re-
lated industry — to invest in cost-reducing R&D (aimed at process innovations) and to form
an RJV in the final product market — under two alternative modes of input (component)
supply, i.e. (i) exclusive vertical relations and (ii) a single supplier. In contrast to the well-
known hold-up argument (for a brief elaboration, see e.g. Lemley & Shapiro, 2007;
Karbowski & Prokop, 2015), in which downstream firms invest non-cooperatively and
knowledge spillovers are relatively low, R&D investments turn out to be higher under
a single supplier mode than under competing vertical chains. Furthermore, downstream
firms’ incentives to create an RJV appear stronger in the former case than in the latter.

More recently, Dai et al. (2017) compare two cooperative R&D behaviours in a sup-
ply chain, i.e. R&D cartelisation and R&D cost-sharing contract. The mathematical anal-
yses led to conclusions that the upstream firm mostly favours an R&D cartelisation be-
haviour, while the downstream firm prefers a non-cooperative scheme. For the up-
stream firm, it is always more profitable to cooperate with the downstream buyer than
to operate under the vertical non-cooperative scheme. Under cooperation, the up-
stream supplier can effectively extract some surplus from the downstream buyer, to
the detriment of the latter. Thus, the downstream firm favours a non-cooperative
scheme. Supply chain-wide cooperation always benefits the consumers (in terms of
consumer surplus) compared with a non-cooperative mode.

Belderbos et al. (2018) examine the collaboration in R&D with the two value chain
partners: customers and suppliers. The authors suggest that the firm’s R&D collabora-
tion with either suppliers or customers constitutes the antecedent of the stable vertical
integration of the industry.

Based on the above overview of the relevant literature, we formulate the following
research hypotheses. First, drawing on Hagedoorn (1993), Steurs (1995), Hendrikse
(2003), Becker and Dietz (2004), Ishii (2004), Belderbos et al. (2004a; 2004b; 2018), van
Beers and Zand (2014), and Capuano and Grassi (2019), we hypothesise that vertical R&D
cooperation enhances firm’s process R&D investments and innovation. Second, drawing
on Ishii (2004), Manasakis et al. (2014), and Capuano and Grassi (2019), we hypothesise
that the innovation-related benefits from vertical R&D cooperation are the greatest for
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the relatively small knowledge spillovers in the industry. Third, based on Dai et al. (2017)
and Belderbos et al. (2018), we hypothesise that the vertical R&D cooperation benefits
consumer surplus and social welfare compared with the vertical non-cooperative R&D,
especially for the larger knowledge spillovers in the industry.

The above hypotheses can be supported by the innovation economics and manage-
ment theory. As Nieto and Quevedo (2005) notice, in the non-cooperative case, the
knowledge spillovers constitute a significant disincentive to corporate investment in R&D.
This disincentive effect can be explained as follows. First, firms limit their investments in
R&D if they perceive a smaller likelihood of being able to make exclusive use of the results
of their R&D works, i.e. knowledge spills over to other firms. Second, if they can use the
stock of technological knowledge produced by other companies, imitators will do so to the
detriment of their own investments in R&D. The private R&D investments should then
decrease with the rising knowledge spillovers in the industry. The R&D cooperation inter-
nalises knowledge externalities to some extent, and alleviates the disincentive effect men-
tioned above. As a result, the R&D cooperation should enhance firms’ R&D investments
and innovation. The smaller the knowledge spillovers, the smaller the disincentive effect
and the larger R&D investments and innovation. Therefore, the cooperative R&D invest-
ments should dominate the non-cooperative ones, and the latter should be particularly
visible for the relatively low values of spillovers in the industry.

Note that in the supply chains the inefficiency problem occurs, since the upstream
firm faces incentives to raise the price of the intermediate good, and so charge a higher
than efficient price of that good, to the detriment of the social welfare (Lemley & Shapiro,
2007). The vertical cooperation solves the above inefficiency problem by mitigating the
opportunistic behaviour of the upstream supplier. From the welfare perspective,
knowledge spillovers can simultaneously play an important role in the economy, as the
knowledge spillovers contribute to the diffusion of knowledge in the society and can work
towards the promotion of the social welfare (Karbowski, 2016). Thus, taking into account
both the inefficiency problem and the welfare promotion effect, we expect that the con-
sumer surplus and total surplus benefit from vertical R&D cooperation (the supply chain
inefficiency is mitigated), and those benefits are the highest for the large spillovers in the
industry (due to the welfare promotion effect).

MATERIAL AND METHODS

We apply standard microeconomic methods of analysis, i.e. mathematical modelling and
optimisation procedures. As a complementary method, we further turn to the numerical
analysis in order to show equilibrium solutions of the developed systems of equations.
Data present in tables 1 and 2 are the numerical data which constitute the solutions of the
systems of equations derived within the microeconomic models in the next section. All
computations have been run in the Wolfram Mathematica 11 (2018) package. Using the
above-mentioned tools, we perform a comparative static analysis of two selected patterns
of R&D behaviour of firms operating in a supply chain. For comparative purposes, and
based on the literature review, we take into account the following variables: process R&D
investments (spendings on process R&D), outputs (quantities produced by firms), market
prices (market prices of the final goods), economic profits (total revenues net total costs),
consumer surpluses (the monetary gain obtained by consumers), and total welfare values
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(the monetary gain of both consumers and producers). All these variables are measured
directly (without the use of proxies) as the equilibrium values derived within the microe-
conomic model, and expressed in monetary (R&D investments, market prices, economic
profits, consumer surpluses, total welfare) or quantitative (outputs) terms.

RESULTS AND DISCUSSION

The following analysis considers two distinct cases, i.e. the independent behaviour of firms
in a supply chain and the behaviour of firms in a vertically integrated industry.

Independent R&D activities

We consider a supply chain with a final-good manufacturer, denoted as firm 1 and an input
(component) supplier, denoted as firm 2. Firm 1 is assumed to face the market demand
for its product given as a linear price function:
pr=a-—q (1)

in which p; denotes the market price, g is the volume produced by firm 1, while a is the
demand intercept. After deciding about the level of production, firm 1 places an order to
firm 2 for the input (component) used to produce final goods. Firm 2 supplies only the firm
1. It is assumed that the quantity of input equals the quantity of the final product. The
price of the input set by firm 2 is denoted by p,; if the component is under patent protec-
tion, the price of the input should also cover royalty rate. Initially, the cost functions of

each firm are given by a quadratic function:

2
K (2)
(o)

in which c is a given parameter of an initial efficiency of a considered firm. The quadratic
cost function allows for varying marginal costs of production which are closer to reality
than the constant marginal cost of production resulting from the linear cost function (cf.
Ahn & McQuoid, 2017). Since the entry barriers to the industry are assumed to be high,
there is no issue of new entry to this industry, both to the upstream and the downstream
market. Thus, we consider a case of the bilateral monopoly in the supply chain.

Both firms decide about their levels of R&D investments, x;. The costs of investments
are given as a quadratic function (such specification allows for diminishing marginal re-
turns to R&D that occur in business practice, compare e.g. Dasgupta, 1986):

y 3)

in which y (y > 0) is a constant parameter. Since we focus on the impact of firms’ R&D
investments and knowledge spillovers between companies on a firm’s cost-reducing (pro-
cess) innovation, we assume that the initial cost-related efficiencies (production cost effi-
ciency and R&D cost efficiency), ¢ and y, are the same for both firms. In this way, we can
concentrate on the relationship between the effective cost reduction of a single firm and
firms’ R&D investments or knowledge spillovers between enterprises. The initial cost-re-
lated asymmetries between firms are excluded from the current study in order to isolate
the links between R&D investments, knowledge spillovers, and process innovation.

When firm i invests in R&D, its cost of manufacturing is given by the following function:
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2

q
c+x; +px;
in which x; denotes the amount of R&D investments made by the firm i, and x; denotes the
number of R&D investments made by the other firm. Parameter § (0 < B < 1) determines
the size of knowledge externalities, i.e. the benefits for a given company obtained as a re-
sult of research undertaken by the other firm. Higher levels of parameter f mean that the
R&D investments made by one enterprise allow the other firm to reduce the manufacturing
costs by a greater amount for free. The parameter beta is the same for both companies.

For a given amount of R&D investments, x; and x,, the profit of firm 1 is given by:

Ci(qixi,x;) = (4)

=@-q T X (5)
m=a—-q)'q c+x, + B, Y 2 P29

and the profit of firm 2 (component supplier) is written as:

2 x22

_—— 6
c+x,+ fxg 4 2 (6)

T, = P2q —

. . . S ) a
The first order condition for profit maximisation of firm 1, aiql = 0, generates the op-
timal output level of the final good:

_ (a—py)(c+x, + Bx;)

T 2(M4c+ x4 Bxy)
After substituting (7) into (6), the profit of firm 2 is given as:
_ (a—p2)*(c+x + Bx;)? pz(a—pz)(c+x1+ﬁx2)_l 2 (g)
T 4(cH+ By 1)L+t x + Bxy)? 20+ c+x + Bxy) 2V*2

The first order condition for profit maximisation of firm 2, dm,/dp, = 0, generates
the optimal price level of the input as a function of R&D investments of both firms; de-
noted by p, (x4, x;). By substituting p, (x;, x,) for p, into (5), (6) and (8), we obtain prof-
its of both firms as a function of R&D investments: m; (x4, X;).

Assuming that the firms decide about research spending independently and simulta-
neously, as the simultaneous strategic decisions taken by the supplier and the buyer are
quite common in business practice (see, e.g. Dumrongsiri et al., 2008; Wu, Chen, & Hsieh,
2012), we obtain the equilibrium levels of R&D investments at the initial stage of the game
by solving the following system of two equations with two unknowns, x; and x,:

(7)

Uy

om; (xy, x2)
axi

Let us denote it by X; and X,. Substituting X¥; and X, for x; and x, in (7), we obtain

the equilibrium output of firm 1 (final-good manufacturer); denote it by §. Now, we can
also calculate the equilibrium levels of prices p;, profits 7;, consumer surplus CS, and
total welfare TW. Due to a relatively complex form of the analysed equations, a closed
form solution to the system (9) cannot be obtained. For that reason, we turn to numer-
ical analysis. A wide range of simulations for different levels of parameters a, ¢, and y
have been conducted. They showed that there was always a single solution to the sys-
tem (9) in the set of nonnegative numbers and that the results of the model do not

=0fori=1,2 (9)
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change. As an illustration of the results, we present the calculations fora = 100, c = 1,
and y = 3. Table 1 shows the equilibrium for various levels of parameter f3.

Table 1. Independent behaviour of firms in the supply chain: equilibrium outcomes for a = 100,

c=1,y=3,and B €[0,1]
B % X2 q P1 P2 1 2 cs W
0.0 |4.10890 |4.36169 |19.3950 |[80.6050 |53.6173 |424.47 |941.21 |(188.08 |1553.77
0.1 [4.05715 |4.53818 |19.7538 |80.2462 [53.3234 |436.33 |956.80 |195.12 |1588.24
0.2 [3.96530 |4.71001 |20.0615 |79.9385 [53.0849 |447.01 |969.80 |201.23 |1618.04
0.3 [3.84917 |4.86908 |20.3307 |79.6693 [52.8945 |456.62 |980.97 |206.67 |1644.26
0.4 [3.72434 |5.00482 |20.5696 |79.4304 |52.7446 |465.21 |990.91 |[211.55 |1667.67
0.5 |3.60396 |5.10972 |20.7834 |[79.2166 |52.6269 |472.80 |1000.00 (215.97 |1688.78
0.6 |3.49686 |5.18157 |20.9755 |[79.0245 |52.5334 |479.48 |1008.50 (219.99 (1707.96
0.7 |3.40716 |5.22269 |21.1486 |78.8514 |52.4569 |485.32 |1016.52 (223.63 (1725.47
0.8 |3.33533 |5.23793 [21.3050 |(78.6950 |52.3922 (490.46 |1024.10 (226.95 (1741.50
0.9 |3.27958 |5.23287 [21.4466 |78.5534 |52.3351 [494.99 |1031.26 (229.98 |1756.23
1.0 (3.23712 |5.21272 |21.5753 |78.4247 |52.2831 |499.03 |1038.01 |232.75 |1769.79

Source: own study.

Vertically integrated firms

In this section, we move on to analyse the case of vertical integration of firms. Note that
under vertical integration the duplication of the R&D works — possible in the non-inte-
grated industry —is avoided. The joint profit of integrated firms is given by:
IR SN -
c+x; + fBx, 2 cH+x,+PBx; 2
For a given amount of R&D investments, x; and x,, the first order condition for
profit maximisation of integrated firms generates the following optimal output level of
the final good:

T=(a—-q)q— (10)

a
a= 1 1 (11)
2(1+c+,8x1+x2+c+x1 +[)’x2)
After substituting (11) into (10), the profit of integrated firms will become a function
of R&D investments, i.e., m(x;, x,). The optimal level of research investments is obtained
as a solution to the following system of two equations with two unknowns, x; and x,:

=0fori=1,2 (12)

Om(x1,x32)
axi

Let us denote the optimal level of R&D investments as x; and x;. By substituting x;

and x; for x; and x, in (x4, x,), we next obtain the equilibrium profit of the vertically

integrated firm; denote it by m*. Now, we can also calculate the equilibrium level of out-

put, g*. Since the equilibrium is symmetric, we have x; = x;. We assume that the inte-

grated firms split the profits equally, i.e., &; = 0.57", so the following results apply to

that symmetric case. The symmetric division of profits in R&D cooperation is a common

case between firms with similar cost efficiencies (see, e.g. d’Aspremont & Jacquemin,

1988; Kamien et al., 1992; Kamien & Zang, 2000; Kaiser, 2002; Karbowski, 2016;
Capuano & Grassi, 2019).



The Impact of Vertical R&D Cooperation on Market Performance of Firms | 81

For the analysis of social efficiency, we also consider consumer surplus and total wel-
fare. The consumer surplus, CS*, is obtained as the area of a triangle under the demand
curve and above the market price. The total welfare, TW™, is calculated as the sum of con-
sumer surplus and the profit of integrated firms.

Since a closed form solution to our model cannot be obtained, we use numerical
analysis to find the equilibrium outcomes. Various levels of parameters a, c, and y have
been applied to investigate the behaviour of firms. The basic conclusions seem to be
invariant to the changes in these parameters.

We use the numerical analysis to find the equilibrium outcomes. For the purpose of
this paper, we restrict our considerations to the case when three parameters of the model
are:a = 100, ¢ = 1, and y = 3; the same values as in the previous section, thus justified
comparisons can be drawn in discussion. The equilibrium results of the numerical analysis,
for various levels of parameter S, are given in table 2.

Table 2. Vertical integration of firms in the supply chain: equilibrium outcomes for a = 100,
c=1,y=3,and B €[0,1]

B x; q p* ] (W TW*
0.0 7.52406 40.4980 59.5020 927.53 820.04 2675.11
0.1 7.39453 41.0185 58.9815 943.44 841.26 2728.15
0.2 7.27211 41.4723 58.5277 957.48 859.98 2774.94
0.3 7.15655 41.8722 58.1278 969.98 876.64 2816.61
0.4 7.04744 42.2278 57.7722 981.20 891.60 2853.99
0.5 6.94434 42.5465 57.4535 991.33 991.33 2887.76
0.6 6.84679 42.8340 57.1660 1000.53 917.38 2918.44
0.7 6.75437 43.0951 56.9049 1008.94 928.59 2946.48
0.8 6.66667 43.3333 56.6667 1016.67 938.89 2972.22
0.9 6.58331 43.5518 56.4482 1023.79 948.38 2995.95
1.0 6.50397 43.7531 56.2469 1030.38 957.17 3017.92

Source: own study.

Using table 1, we may discuss the impact of parameter beta, i.e. the extent of
knowledge externalities (spillovers), on the equilibrium conduct and performance of firms
in a supply chain. When the extent of knowledge spillovers increases, the downstream
company (final-good manufacturer) reduces investments in R&D. The R&D spending of the
upstream company (component supplier) simultaneously behaves non-monotonically
with respect to beta. For the values of beta not greater than 0.8, an increase in the level
of technological spillovers encourages the upstream firm to invest more in R&D. However,
when beta exceeds 0.8, research spending decline but are still significantly higher than the
investments of the downstream company. The supply of the final product is an increasing
function of beta, which translates into the declining price paid by consumers. The profits
of both firms react monotonically to the size of externalities generated by the investments
in R&D. A wider extent of research spillovers in the industry results in higher profits for
both companies. Thus, independently acting firms have incentives to engage in the ex-
change of research results to earn higher profits. Interestingly enough, the consumer sur-
plus —but also the total welfare — are growing together with the size of research spillovers.
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Using table 2, let us now consider the impact of parameter beta, i.e. the size of
knowledge externalities, on the equilibrium conduct of vertically integrated firms. When
external benefits for a given company resulting from the research undertaken by the other
firm are relatively small (parameter beta is low), R&D investments of each firm are rela-
tively high and decline with the growing scale of knowledge spillovers. The supply of the
final product is also growing, which results in the declining level of the market price, and
the highest consumer surplus. The profits of each firm and the total welfare are increasing
together with the greater extent of technological spillovers.

Comparing tables 1 and 2, we may observe that vertical integration leads to signifi-
cantly higher individual investments in R&D for all values of knowledge spillovers in the
industry. Moreover, for all values of knowledge spillovers, consumer surplus and total
welfare are higher under vertical integration than the independent behaviour of firms.
When we compare the economic profits, note that under independent behaviour of
companies profit of the component supplier is significantly larger than under vertical
integration. In turn, profit of the final-good manufacturer is significantly lower under
independent behaviour of enterprises than in the vertically integrated industry. Inter-
estingly, much more product is delivered in the marketplace — for all values of
knowledge externalities — when the industry is vertically integrated than under inde-
pendent behaviour of companies. The price of a final good is significantly higher when
firms behave independently than under vertical integration.

Thus, from the social and policy viewpoint, it seems pretty straight-forward — that in
our model — vertical integration serves enterprise innovation and social welfare better
than the independent behaviour of firms in a supply chain. The latter is only beneficial to
the upstream firm (component supplier), but it is mainly due to the equal split of profits
under vertical integration. Slightly larger share of profits for the input supplier under ver-
tical integration would make firm 2 prefer integration over independent behaviour.

Interestingly enough, the process innovation benefits from vertical integration are
the highest for the lowest values of knowledge spillovers in the industry. By contrast,
the greatest benefits from vertical integration for consumers and total welfare are for
the largest knowledge spillovers in the industry. This may be an interesting observation
for policy-makers who could be either oriented at industry innovation enhancement or
social welfare improvement.

Clearly, the result that the greatest benefits from vertical integration for consumers
and total welfare are for the largest knowledge spillovers in the industry is conditioned by
the existing absorptive capacities of companies operating in the industry. Cohen and
Levinthal (1989; 1990), Levin (1988), Levin, Klevorick, Nelson, and Winter (1987), Levin and
Reiss (1988), and, recently, Jimenez-Barrionuevo, Molina, and Garcia-Morales (2019) indi-
cate that enterprises differ in their ability to absorb knowledge produced by other firms.
Thus, enterprises can be characterised by varying degrees, in which they can use knowledge
spillovers occurring in the industry (see also Kaiser, 2002; Karbowski, 2016). The firm’s ab-
sorptive capacity was first formalised by Kamien and Zang (2000). These authors consider a
three-stage game in a Cournot duopoly. In the first stage of the game, firms made decisions
about the level of generality of their research. The firm’s absorptive capacity was defined

as (1-— 6i)xl.5i, in which §; stands for the degree of generality of research undertaken by
i-th player, while x; denotes the firm’s R&D investments. Higher values of parameter delta
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correspond to a more specialised nature of research. For §; = 1 the i-th duopolist conducts
very specialised research and the knowledge produced by the other firms is of no value to
the given duopolist. Thus, when delta reaches its upper bound, the j-th duopolist does not
absorb knowledge spillovers in the industry. By contrast, when §;=0, the j-th firm conducts
the very general research and the knowledge produced by others can be directly absorbed
and utilised by the i-th enterprise. In the second stage of the game, the firms decide about
the value of R&D investments, and, in the next stage of the game, about the production
volume of the final goods. Based on that model, Kamien and Zang (2000) show that an in-
crease in the degree of generality of the firm’s research leads to a higher enterprise R&D
investment, provided that the initial degree of generality of research is sufficiently high (for
a more elaborate discussion, see Kamien & Zang, 2000; Kaiser, 2002; Karbowski, 2016).
Moreover, the authors show that R&D cooperation between enterprises is more likely to
occur, if prospective partners conduct more general research.

Based on the Kamien and Zang’s (2000) observations, we suggest some appropriate
implications for our model of behaviour in a supply chain. Based on Kamien and Zang
(2000), we predict that the greatest benefits from vertical integration for consumers and
total welfare are for the largest knowledge spillovers in the industry and the most gen-
eral nature of research conducted by the enterprises operating in the industry. For very
specialised research programmes undertaken by firms, the welfare benefits from verti-
cal integration should be significantly smaller.

Another factor important in the discussion on the extent of R&D spillovers in the in-
dustry is the organisation of R&D activities on the given market. In their seminal paper,
Kamien et al. (1992) distinguish four different forms of R&D organisation that may arise
between market rivals, i.e. (i) R&D competition, (ii) R&D (cooperation) cartelisation, (iii)
RJV competition, and (iv) RJV cartelisation (see also Prokop, 2014; Karbowski & Prokop,
2018; Capuano & Grassi, 2019). In an R&D competition, enterprises decide about their
R&D investments unilaterally so as to maximise their individual profits. In an R&D carteli-
sation, firms coordinate their R&D investments but compete in the production of goods
so as to maximise the sum of their profits. In an RJV competition, enterprises act as in the
R&D competition, but they fully share results of R&D (beta equal 1). In an RJV cartelisation,
firms fully disclose their knowledge (beta equal 1) and coordinate their R&D investments
so as to maximise the sum of overall profits (for more details, please see Kamien et al.,
1992). However, Kamien et al. (1992) do not take the vertical cooperation between firms
into account. Please observe that —in our model of vertical relations — a wider extent of
knowledge spillovers in the industry results in larger profits for both enterprises. Thus,
independently acting firms have strong incentives to engage in the exchange of knowledge
to achieve higher profits. Since the largest profits can be earned for maximal technological
spillovers (beta equal 1), both firms face strong incentives to form an RJV. This will also
work towards consumer surplus and total welfare maximisation.

Lastly, it seems interesting to discuss the behaviour of the input supplier. Observe
that — in a non-integrated industry — the difference between the input price and the
final product price is more than 26 monetary units. Under vertical integration, the final
good price falls to about 60 monetary units at the maximum (being about 81 monetary
units at the maximum prior to integration). Clearly, this decrease in the final product
price is partly due to the elimination of the patent holdup problem by means of vertical
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integration. Prior to the integration, the upstream firm — as the patent holder — faces
some incentives to raise the price of its component and so charge a higher than effi-
cient patent royalty (Lemley & Shapiro, 2007; Karbowski & Prokop, 2015). Vertical in-
tegration eliminates those incentives of the patent holder.

CONCLUSIONS

In this article, we compared two models of corporate R&D in a supply chain: the independ-
ent behaviour of firms and the behaviour of firms in a vertically integrated industry. With
the use of microeconomic methods — i.e. mathematical modelling, optimisation proce-
dures, and numerical analysis — we performed a comparative static analysis of two se-
lected patterns of R&D behaviour in a supply chain. Based on the obtained results, we can
say that firms’ process innovation benefits from the vertical integration of the industry.
The innovation-related benefits are particularly high for the relatively small values of
knowledge spillovers. In turn, the greatest benefits from vertical integration for consumers
and social welfare are for the largest knowledge spillovers in the industry.

The analysis of firms’ behaviour in a supply chain allowed us to conclude that, first,
a wider extent of knowledge spillovers in the industry results in higher profits for both
enterprises. Consequently, independently acting firms have incentives to engage in the
exchange of research results in order to earn higher profits. This constitutes a direct impli-
cation for the managers who can boost firms’ profits through the creation of the supply
chain-wide RJV. Second, vertical integration leads to significantly higher individual invest-
ments in R&D, higher market output (resulting in lower market price), larger consumer
surplus, and total welfare (for all values of knowledge spillovers in the industry). From the
public policy perspective, the vertical integration constitutes then a preferred option com-
pared with the non-integrated industry. Third, the innovation-related benefits from verti-
calintegration are the highest for the lowest values of knowledge spillovers, and the great-
est benefits from vertical integration for consumers and social welfare are for the largest
knowledge spillovers. It means that business managers focused on process innovation
should not pursue an RJV option. On the other hand, managers oriented at short-term
profits, can increase them thanks to the RJV creation. Fourth, the greatest benefits from
vertical integration for consumers and social welfare should occur for the most general
nature of research conducted by the enterprises operating in the industry. For very spe-
cialised research programmes undertaken by firms, welfare benefits from vertical integra-
tion should be significantly smaller. This is an interesting observation for policy-makers
who can incentivise different natures of research undertaken by companies, i.e. more gen-
eral (fundamental) or narrower (applied) research programmes. Fifth, vertical integration
seems to eliminate incentives of the patent holder to raise the price of its component and
charge a higher than efficient patent royalty. From the public policy perspective, it means
that vertical integration of the supply chain solves the problem of patent holdup and sub-
sequent royalty stacking, as this problem hinders innovation in the industry.

As regards possible future extensions of the present research, scholars may also
consider the impacts of vertical R&D cooperation on product innovation. However, the
technical challenge is, then, how to model the impacts of product innovation? As a prod-
uct quality enhancement parameter, as a market size expansion parameter, or in a to-
tally different, original way?
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The lack of product innovation considerations constitutes a limitation of the current
study. Another limitation is no consideration of the impact of competition either on the
upstream or downstream market and the impact of competition on the equilibrium out-
comes. However, the above limitations give rise to the new research endeavours and sub-
sequent corresponding publications.
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