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Abstract
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1 Introduction

Considerations on how to allocate governmental basic-research! budgets across sec-
tors has gained importance on the political agenda of recent years. On the one hand,
R&D policy in general has obtained increasing attention in line with Europe’s Lisbon
strategy that aims at spending three percent of GDP in R&D. On the other hand,
globalization has given rise to new challenges with respect to the allocation of basic
research. The increasing degree of international competition and the rapidly chang-
ing research frontier requires adjusted basic-research strategies, whereas its efficiency
depends in large part on the positioning within the global technological environment.
Thus, a central task of a country’s basic-research policy is to determine to what degree
basic-research resources should be concentrated on a few core fields in order to benefit

from competitive advantages in the respective areas.

Countries adopt different strategies with respect to targeting basic research. A promi-
nent classification concept is to distinguish between mission-oriented and diffusion-
oriented strategies (Ergas 1987). According to Ergas’ work, “the dominant feature of
mission-oriented R&D is concentration”. The mission-oriented strategy aims at the
attainment of clearly defined national goals resulting in an allocation of public basic
research that is heavily biased towards a few fields. By contrast, the diffusion-oriented
strategy consists of disseminating the R&D resources throughout the economy in or-
der “to provide a broadly based capacity for adjusting to technological change”. The
mission-oriented strategy is used most prominently in the US. In 2006, 52% of the
government’s R&D budget was directed to the health sector and 18% to space pro-
grammes (OECD 2007). In most European countries, the R&D budget is allocated

more equally.

In this paper we analyze the issue of concentrating basic research within a theoretical
framework. We build on Gersbach et al. (2008) where a Schumpeterian growth model
introduced in Aghion et al. (2006) is expanded by a publicly financed basic-research
sector. Gersbach et al. explore the question of how much a country should invest
in public basic research dependent on its degree of openness and its distance from
the world’s technological frontier. We choose a different direction by focusing on the
optimal sectoral concentration of basic research, also depending on openness and on

the technological level.

LA standard definition of basic research is given by the OECD: “Basic research is experimental
or theoretical work undertaken primarily to acquire new knowledge of the underlying foundation of
phenomena and observable facts, without any particular application or use in view” (OECD, 2002, p.
30).



We consider an economy featuring a final good sector, intermediate goods sectors, a
private R&D sector and a public basic-research sector. Intermediate firms have the
possibility to conduct private R&D in order to realize an innovation with positive
probability. A successfull innovation increases the firm’s technological level. It is
assumed that basic research increases the innovation probability of intermediate firms
within a country.? We allow for intermediate sectors to differ in their technological
level, which is measured by the distance from the world’s technological frontier. The
country’s degree of openness is reflected by the probability of market entry by a foreign
intermediate firm. The country is exposed to the technological frontier, i.e. foreign
firms always enter at the world’s most advanced technological level, and consequently

drive domestic firms that do not operate at the technological frontier out of the market.

The government runs the basic-research sector by allocating a share of labor to basic
research and by financing it with an income tax. Furthermore, the government can ex-
clude some sectors from the basic-research programme, respectively it can concentrate
basic research on specific sectors. The government’s decision on sectoral basic-research
concentration is mainly characterized by the following trade-off: Concentration de-
creases the amount of firms that benefit from basic research, but it increases the effec-

tivity of basic research for the benefiting firms.

Our results are derived by numerical simulations. For large sets of parameter values,
we find that optimal basic-research concentration consists of spreading basic research
across all high-technological sectors. Technologically backward sectors should be ex-
cluded. Basic-research concentration within the high-technological sectors is welfare
reducing mainly due to the different sectoral scope of the two trade-off effects. On the
one hand, concentration decreases only the amount of the important high-technological
firms, that benefit from basic research. On the other hand, concentration increases the
basic-research effectivity of both, the high-technological firms as well as the less im-
portant backward firms. Thus, the negative effect dominates. The exclusion of the
backward sectors from basic-research support improves a country’s competitiveness
as it increases the effectivity of basic research for the high-technological competitive

sectors.

When broadening the sector diversification by allowing for different openness across

sectors we still obtain the optimality condition to forgo basic research in the backward

2Several empirical studies (e.g. Acs et al. 1992, Katz 1994, Narin et al. 1997, Zellner 2003; see
Salter and Martin (2001) for a detailed review of this literature.) support our assumption by indicating
that basic research has a strong tendency to produce local effects. They suggest, for instance, that
basic research increases the innovation chances of domestic firms by the education of problem-solvers
and local informal face-to-face interactions.



sectors. However, basic-research concentration within the high-technological sectors
now depends on the innovation size. If it is low, it is optimal to target basic research
on the more open high-technological sectors. A low innovation size implies that techno-
logical progress achieved by research is low. Thus, a basic-research policy that aims at
protecting the domestic market from foreign entry by supporting the most threatend
sectors is optimal. If it is high, basic-research should be concentrated on the more
closed high-technological sectors. Under this condition technological progress is impor-
tant, and thus, basic-research policy should focus on maximizing technological growth.
As in the more open sectors high technology can be imported from foreign firms, basic
research should be performed in the more closed sectors, where technological progress

has to be secured by domestic innovation activities.

Our paper is organized as follows: In the next section we review the related literature.
The model is introduced in section 3. Section 4 contains the discussion of the effects
of basic-research concentration, followed by a comparative-statics analysis in section 5.
In section 6 the results are discussed including a slight extension of the basic model.

Finally, we conclude our work in section 7.

2 Relation to Literature

This paper is related to two strands of literature. First, there is the theoretical growth
literature that comprises basic research. It mostly focuses on optimal basic-research
investment, and has been pioneered by Shell (1967). More recent contributions are
Pelloni (1997), Park (1998), Morales (2004) and Gersbach et al. (2008). The latest is
closest to our work, and has already been introduced in the previous section. None
of the work in this strand of literature has dealt with the basic-research concentration

issue yet.

Second, the literature that analyzes the relationship between technological special-
ization and economic growth is related to our paper. Among this strand, a series
of theoretical contributions (e.g. Verspagen 1993, Giovanni Dosi and Meacci 1994,
Lorentz 2006 and Los and Verspagen 2006) highlight the emergence of specialisation
patterns, and emphasize that sectoral specialisation can explain growth rate differences
among economies. In these papers multi-sector multi-country growth models, that in-
clude evolutionary features and draw on the technology-gap theory, are developed. A
country competes with other countries in a number of sectors. If competitiveness of a

country in a sector is higher than average, the country will export the respective good,



and thus, expand its market share in that sector. As the models imply that different

sectors grow at different rates, a country’s specialization affects growth.

The approach of these papers differs considerably from ours. They consider specializa-
tion respectively concentration in a positive way by explaining how specialization can
occur in an open economy framework with trade. We take a normative approach. In
our paper the question of the optimal degree of concentration is raised. Furthermore,
we consider the issue to allocate ressources optimally in the public research sector. The

papers mentioned above focus on the technological specialization in the private sector.

There are also some empirical studies that focus on the relationship between techno-
logical specialization and economic growth. E.g. Jungmittag (2004), Laursen (2000)
and Meliciani (2001) quantify technological specialization with patent data to show
that it significantly matters for growth. This lends support to our model’s implication

that R&D concentration affects the economy’s performance.

3 The Model

We build on a Schumpeterian growth model proposed by Aghion et al. (2006), and in
line with Gersbach et al. (2008) we introduce a public basic-research sector operated
by the government. We assume that there is a continuum of identical households that
live for one period, enjoy strictly increasing utility in consumption, inelastically supply
one unit of labor, and receive an equal share of the firms’ profits. We consider a
government maximizing domestic consumption over a single period® by providing the
optimal amount of basic research for an exogenously given sectoral concentration of
basic research. The public expenses are financed by a linear income tax.* Accordingly,
we first describe the production side of the economy, and derive the equilibrium for a
given level of basic research. We then proceed to solve the government’s optimization
problem. The optimal basic-research concentration is derived in a later stage on the
basis of a comparative-statics analysis. We observe how the maximized consumption

level is affected by varying the basic-research concentration parameters.

3As we are only considering a single period, we can omit the time index ¢.

4The model can be seen as a non-overlapping generations model in which each generation elects
a government to provide public goods (here basic research) in order to maximize its well-being. The
latter is equivalent to maximizing the consumption of the current generation. This, however, does not
square with a social planner aiming at maximizing the utility of all generations.



3.1 Final Good Sector

In the final good sector, the homogeneous consumption good ¥ is produced under

perfect competition according to the technology:

y:/o A1) di. (1)

x(i) stands for the amount of the intermediate input of variety ¢ and A(¢) is this
variety’s productivity factor. The parameter o determines the output elasticity of
the intermediate goods with respect to the technological level. The price of the final
consumption good is normalized to one. Maximization of the final good firm’s profits

7Y gives the inverse demand functions for intermediate goods x(i):
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where p() is the price of good x(7).

3.2 Intermediate Goods Sectors

The intermediate goods z(i) are produced only by labor L* (i) with a linear technology:
x(i) = L*(3). (3)

Intermediate goods firms act competitively in the labor market. Furthermore, the
intermediate sectors either feature a monopolistic leader or are fully competitive. These
cases are labelled by ¢ and m, respectively. A competitive intermediate firm sets prices
equal to the marginal costs, p°(i) = w, and profits vanish. Using (2), the labor demand

of a competitive intermediate firm can be written as

£e(i) = (2) 77 AG), ()

w

where w denotes the wage level.

The monopolistic intermediate firm demands a price p™ (i) = £ for its goods, leading

to a labor demand of )

e = ()7 a0, 5)

w



and profits

3.3 Technological State, Innovation and Foreign Entry

We assume that there is a world’s technological frontier A, which grows exogenously
over time according to

A = ’}/A_l,
where A_; denotes the technological frontier of the preceding period.” ~ determines

the speed of growth, and it is assumed to fulfill 1 < v < 2.

In the intermediate sectors, we assume a competitive fringe two steps behind the tech-
nological frontier. Accordingly, at the end of the preceding period, each intermediate

sector can be in one of the three states:

State 1 A monopolistic leader produces at the current technological frontier, A_;(i) =

A_q.

State 2 A monopolistic leader produces with a technology that is one step behind the

technological frontier, A_;(i) = A_,.

State 3 A competitive fringe, of two or more firms, produces with a technology that

is two steps behind the technological frontier, A_;(i) = A_s.

We denote the fractions of the states by s; (state 1), so (state 2) and s3 (state 3),
where s1, $2,53 > 0 and s; + s3 + s3 = 1. Additionally, the fractions of intermediate
sectors in which basic research is invested are designated by sz (j = 1,2,3), whereas
sPf € [0, s;]. Furthermore, s} stands for the intermediate sectors that do not benefit

from basic research, so that sz + S;V = 5j.

By investing in research and development, an intermediate firm can enhance its proba-
bility of a successful innovation. A successful innovation increases the firm’s technology
level by factor v. Hence, it allows to keep its relative position to the technological fron-

tier. We specify the innovation probability as

o0 :{ win {20/ TT0L76,1} i i € 2%

0 if i € sV,

°In general, the index —t (¢ € N) indicates of how many periods back the indexed term is.



where 6 > 0 is a parameter that captures the effectivity of research. L(i) denotes
the intermediate firm’s labor employed for R&D, and L? the amount of labor in the

basic-research sector financed by the government. ¢ is the measure of the sectoral
1
S{3R+S2BR+S?)BR .

that the higher the concentration of basic research is, the larger its effect on innovation

concentration of basic research, which is defined as ¢ = We recognize,
probability is. Moreover, we note that basic research is a necessary input for innova-
tion activities with respect to two dimensions. First, if the government forgoes basic
research, none of the intermediate firms is able to innovate. Second, only in sectors in

which the government invests basic research, innovation activities are possible.

As Aghion et al. (2006) we neglect adoption costs of mature technologies, i.e. tech-
nologies two steps behind the world’s frontier, and assume that the technology of the
competitive fringe is upgraded automatically. Hence, the competitive intermediate
firms as well as the government have no incentives to invest in research in the state 3

sectors. On that account, sZ” = 0 is assumed from here on, and ¢ reduces to w
1 2

We model the country’s degree of openness by the probability of market entry by a for-
eign intermediate firm. We assume that the foreign firm enters with frontier technology
A, produces locally and takes over the whole market.® In each sector i not producing at
the world’s technological frontier, the probability of a foreign competitor entering the
domestic market is determined by o. In sectors where the domestic intermediate firm
produces at the highest possible level, foreign competitors will stay outside.” Hence,

this can only be the case in sectors where a state 1 monopolist innovates successfully.

In a later stage of our work, we will broaden our sector diversification by differentiating
between two openness factors, ¢° and o¢, whereas ¢° > ¢°. This implies that the
labeling of the sectors has to be augmented according to S?k and s;?k (j=1,2,3, k=
BR,N). The model’s tractability is not influenced by the amount of openness factors.
Hence, for simplicity and illustrative reasons we neglect the openness diversification

for now.

6This implies that there is a fourth state for the intermediate sectors, i.e. with a foreign type 1
leader holding a monopoly. For simplicity, we assume that at the beginning of the period considered
no intermediate sector is in this state. Allowing for foreign firms from the outset would only lead to
a downscaling of the effects and thus does not alter the results substantially.

"This statement can be justified by small entry costs preventing the foreign firm from entering the
market under perfect competition (see Aghion et al. 2006).



3.4 R&D Decisions of Intermediate Firms

Given the technological state of the sector, the entry threat of foreign firms and the
level of basic research, the domestic intermediate firms maximize their expected profits

with respect to the amount of labor employed in private R&D:

e State 1 monopolist, whose sector benefits from basic research

. K < . K < .
max { (p(z) — A+ (1 — p(z))(l —0)— A_l) — wLI(Z)} ) (8)
LT (i) wi-a wi-e
The state 1 leader retains the market and makes profits, if it innovates successfully
or if it does not innovate and there is no entry. The maximization problem leads
to the following labor demand
LB¢
L= S AR (- (- )’ (9

wl—o

and consequently, implies an innovation probability and expected profits of the

state 1 monopolist according to:

B
?R—Q ﬁfLmW(v—(l—a)) (10)
wlfa
pi s BP0 o o)A o)A ()
wl—«o wl-«o

e State 2 monopolist, whose sector benefits from basic research

R

max {p(z’)(l —0)—A_, — wa(z')} : (12)

0 wi-a

The state 2 leader only makes profits if it innovates successfully, and there is
no foreign entry. If it does not innovate, the competitive fringe automatically
catches up. The sector is then subject to perfect competition, and profits are
zero. The solution to the problem yields:
LB¢ ,
L = —5-(A1)?k*0*(1 — 0)? (13)

wl—o

LB¢
PP =2" T A_kh*(1 —0) (14)
wi—-a

aPf = L—%H292<1 —0)*(A_))% (15)

14+«
wl—o



e All the remaining domestic intermediate firms will not invest in R&D for different
reasons. Either they belong to the competitive fringe, and thus, they have no
prospects to make profits. Or their sector gets no basic-research support, which

is necessary for innovation activities.

3.5 Equilibrium

The economy comprises the market for the final consumption good with price unity,
the labor market with the wage rate w and a continuum of intermediate good markets
with prices {p(7)}l_,. It follows from section 3.2 that the market clearing conditions in
the intermediate good markets yield prices p™ (i) = % in the monopolistic sectors and
p°(1) = w in the competitive ones. From (3), (4) and (5) we obtain the equilibrium

values of intermediate goods supply of

(i) = (%) = AG) (16)
2 (i) = (%) A (1)

in the monopolistic intermediate sectors and the competitive intermediate sectors, re-

spectively.

In the labor market, labor L is inelastically supplied. Labor demand consists of the gov-
ernment’s demand for basic researchers, of the intermediate firm’s demand for private
R&D-personnel and of the demand for workers for the production of the intermediate

goods. Hence, the labor market clears when
- 1 1
L=1°% +/ L'(i) di +/ L*(i) di. (18)
0 0

As we know from section 3.3, the demand for R&D-personnel depends on the inter-
mediate firms’ sector state. Consequently, the first integral in equation (18) is given
by

1
/0 L) di = sPRLL 4+ sBRLL (19)

Note that the total demand for private researchers is determined by the number of
sectors that are characterized by domestic monopolies and are supported by basic re-
search. In contrast, the demand for workers in intermediate goods production depends

on the sector’s technological level after innovation activities and foreign entry have



occurred. This reflects our assumption that the foreign intermediate firms bring with
them leading technology from abroad, but produce the intermediate goods within the
country. Accordingly, we need to know how the sector states evolve during the period,
in order to determine the second integral in (18). The following scheme displays the
probabilities of technological levels reached by an intermediate sector. The illustration
also shows the resulting market structure in terms of the mode of competition and of

whether intermediate firms are domestic or foreign.

pPl A, local,  monopoly
sPh — (1—pPt)o : A,  foreign, monopoly
(1—pPB)(1 — o) A_y, local,  monopoly

, foreign, monopoly

_1, local, monopoly

foreign, monopoly
local, monopoly

_o, local, perfect competition

, foreign, monopoly

_9, local, perfect competition

o foreign, monopoly

A,
(1—0) : A_,, local, perfect competition

[
Ny
=
—N— —N— —N— —N—
—
|
E/ Q
AS)
Ny
=
| l::hl u:bl

Consequently, making use of (4) and (5) the total intermediates’ demand for production

workers is given by

1
/ L*(i)di = [o (s{™(1 — pf'™) + s + s+ 55 + s3) + sP pP ] L (A)+
0
Tm( A 20
[sBR(1 — 0)(1 — pPR) + V(1 — o) + sBR(1 — 0)pB%] L(A_y)+ 20

[s5F(1 — o) (1 — pf) + 53 (1 — o) + s3(1 — 0)] L™(A_,).

Inserting (19) and (20) into (18) determines the equilibrium wage level. In general, the
equilibrium wage is not unique. Inserting (19) and (20) into the labor market clearing
condition and assuming o = % and L = 1, we obtain basic-research labor as a function

of the wage w:

10



w?— A

B 2 WA
o) =w o gre (21)
with
A
A= 162 [072 +(1-o0) (317 + 4(sy + 53))] > 0 (22)
A2
= gl dlst (1 =1+ o) + 5 (1-0)7] > 0 (23)
A2
- 1287392¢(1 —0)[sPEy(y — 1)y — 1+ o) + BB (y —4)(1 — o). (24)

As the number of researchers can never be negative, the equilibrium wage must be
higher than v A. Further, we slightly restrict our parameter space in accordance with

the following assumption:

Assumption 1

B+C>-A%

We are now in a position to state

Lemma 1

Under Assumption 1 there exists a unique equilibrium wage.

Proof: See Appendix A.1.

From the equilibrium wage we obtain the equilibrium prices for intermediate goods from
which the equilibrium quantities and the firms’ profits follow. To simplify notation, we
will henceforth use w to denote the equilibrium wage associated with a particular level

of basic research.

3.6 Government

The government chooses the amount of basic-research labor L? for an exogenously given
sectoral concentration of basic research, sP® and sP%, in order to maximize aggregate
consumption c of the current generation. The expenditures wL? are financed by a tax
7 € [0,1] on the household income. Households earn wages, and obtain profits from
final good and domestic intermediate goods production. Consequently, the budget

constraint of the government is
wL? = 7(wL 4 sPRpBR 4 Nal o sBRBE 4 vy, (25)

11



7V stands for the prospective profits of the state 1 firms that get no basic-research
support. It equals 7P# when no basic research is performed. Thus, these firms only
earns profits when the foreign firms do not enter the market. We remember that 7¥

denotes the profits of the final good sector, and it is given by:

Je T

_ Oé2 -«
= [ (P P s o ) P A ()T -

o]

[sPR(1 — o) (1 — pPR) 4 s (1 — o) + sBF(1 — 0)pB%] A, (a—) T —at

w
_ o\ oa
(571 =) (1 = pf™) + 53 (1= 0) + 51 =) A (=) " (1= )
(26)
Aggregate consumption ¢ equals total income after taxes:
c=(1—-7)(wL + 7l + s m) + P n) + 7Y). (27)

With uniqueness of the equilibrium wage w for given L?, the government’s problem
can also be solved via the control w. Technically, we choose this way as it allows
for an explicit solution for L? as a function of w. Economically, this approach could
be interpreted as a wage offer by the government for doing basic research in order to

attract the corresponding (equilibrium-) number of researchers.

Inserting L?(w) from equation (21) and the budget constraint (25) into (27), we obtain

the overall consumption solely as a function of the equilibrium wage level w:

~w'(2A+2D+E)+w*(2B+3C+ F)+ (B+C)(2D+E) — A(C+ F)

— 2
¢(w) w(w*+ B+ C)  (28)
with

A

D:ﬁsl(l_a) > 0 (29)

) E = EU > 0 (30)

F = A 0?psER(1 - 0)* > 0. (31)
32+3 2

This is the objective function, which the government maximizes with respect to the

wage w.

12



Lemma 2

Under Assumption 1 there exists a unique maximum consumption level.

Proof: See Appendix A.2.

However, it is impossible to derive an analytical solution to the problem.® Accordingly,
we will derive our results on the basis of numerical simulations. To determine the
optimal basic-research concentration we look at comparative statics of the consumption

level with respect to sP% and sP% in section 5.

4 Effects of Basic-Research Concentration

Before turning to comparative statics, we now introduce the different direct and indirect

effects that sectoral concentration of basic research has on aggregate consumption.

4.1 Direct Effects

As can be seen from equation (27), the concentration of basic research affects aggregate

consumption directly in the following way:

Beneficiary Size Effect The more concentrated basic research is, the smaller the

amount of firms that benefits from basic research is.

e The concentration in the state 1 sectors (sP# |) - henceforth we call it simply
sBE_concentration - affects the economy negatively through this channel.
First, intermediate firms of state 1 that benefit from basic research have the
possibility to innovate, and thus, earn higher profits (7P > 7V). Second,
also the final good sector realizes higher profits if it is supplied by state 1

beneficiaries, as their goods are technologically more advanced.

e The effect that sPF-concentration (sP% |) has on the economy is ambigu-
ous. On the one hand, only those intermediate firms of state 2 that are
beneficiary of basic research are able to maintain their monopoly status by
innovating successfully, and thus, earn profits. On the other hand, even-
though the technological level of the state 2 beneficiaries is higher, the final

sector realizes higher profits if supplied by non-benefited state 2 firms, as

8The optimal wage w* is given by the derivative of equation (28), which is a polynomial of degree
eight.

13



they hold no monopoly. Which of the two effects dominates depends on the

parametrization.”

Research Effectivity Effect The more concentrated basic research is, the more ef-
fective it is for the firms benefiting from it. This effect is pointed out by the
measure of sectoral concentration of basic research ¢ = W As sPE.and
sBE-concentration (sP® | and sP® |) affect ¢ in the same positive way, it is

straightforward that the Research Effectivity Effect is identical for both:

The effect is manifold. First, the profits of the state 1 intermediates that are

basic-research beneficiaries, denoted by 7P, increase with ¢ respectively with

basic-research concentration. Second, also the intermediate state 2 beneficiaries
realize higher profits 2% with increasing ¢. Third, the profits of the final sector
increase with the innovation probability of the state 1 intermediates, as they
benefit from the technological advance. And fourth, the profits of the final sector
decreases with the innovation probability of the state 2 intermediates, because the
supply by non-innovating state 2 firms prevents the final sector to pay monopoly
rents. This is the only negative influence of the Research Effectivity Effect on

consumption.

Lemma 3

BR

sPR_concentration (sP® |) has a negative direct effect on consumption, whereas s&%-

concentration (s8% |) increases consumption through the direct effects.

Proof: See Appendix A.3.

The intuition of Lemma 3 can be explained as follows. The magnitude of the direct ef-
fects aiming at the state 2 part of the economy are secondary compared to those aiming
at the state 1 part. This has several reasons. First, due to monopoly distortion the ef-
fect on the state 2 intermediates’ profits and on the final sector’s profit are oppositional.
Thus, they cancel eachother out to some extent. Second, the state 2 intermediates are
not competitive against the foreign firms. And third, the technological level of the
BR
1

state 2 intermediates is lower. As a consequence, how sPf- and sPf-concentration

affect the state 1 part of the economy determines the direction of the direct effects. As
discussed previously, sP¥-concentration affects the state 1 part negatively through the
beneficiary size effect and positively through the research effectivity effect. However,

as the research effectivity effect is dispersed on both, the state 1 and the state 2 part of

Tt is straightforward to show that s&f-concentration influences aggregate consumption positively
with respect to the beneficiary size effect as long as v < %

14



the economy, and the beneficiary size effect targets exclusively on the important state
1 part, the latter always dominates.!® Thus, sP®-concentration has a negative direct

sPR-concentration affects the state 1 part only through the

effect on consumption.
positive research effectivity effect. And consequently, s&%-concentration has a positive

direct impact on consumption.

As already mentioned, we later extend our model with the two openness factors, o° and
o¢. In this case the patterns of the Beneficiary Size Effect and the Research Effectivity

Effect remain the same. Hence, the above description for sPf-concentration also ap-

plies to s¢P%- and s{Pf-concentration. Accordingly, what holds for s£%-concentration

oBR cBR
97" and s§

also holds for s -concentration. This, however, does not imply that the
magnitude of the effects are unchanged. Hence, Lemma 3 does not hold here. How
the direct effects in this framework affect consumption will be illustrated and discussed

when we introduce the two openness factors in the comparative-statics analysis.

4.2 Indirect Effects

The indirect effects derive from the fact that the degree of basic-research concentration
through the direct effects affects the government’s decision on the optimal amount of
basic research. And this in turn, influences total consumption, as can be derived from
equation (27). To get an understanding of the indirect effects, we dissect the effects
basic research L? has on consumption. This constitutes also a good illustration of

what the incentives to invest in basic research are.

Escape Entry Effect: State 1 monopolists will avoid foreign entry and retain the do-
mestic market, if they innovate successfully so to keep up with the technological
frontier. As basic research facilitates innovation, it helps state 1 monopolists to
retain domestic profits, which increases the consumption of households as share-
holders. It is straightforward, that the escape entry effect increases with openness
o, as the entry threat of foreign firms increases. And as sPf-concentration (sP%-
concentration) is detrimental (beneficial) to the state 1 intermediates, it lowers

(amplifies) the escape entry effect.

Monopoly Effect: State 2 monopolists can only preserve their technological advan-
tage and retain their monopoly position, if they innovate successfully (and no

foreign entry takes place). Otherwise they will lose their competitive edge as the

a¢ BR
10The dominance of the beneficiary size effect can be seen mathematically from % > 0.
1

15



competitive fringe will catch up technologically. In this way, basic research helps
state 2 leaders to make profits. However, the state 2 monopoly lowers the profits
of the competitive final-good sector caused by higher intermediate-goods prices.
The second effect dominates as a result of the well-known monopoly distortion
factor. The net effect is what we call the monopoly effect. Using the reasoning
in the intuition of Lemma 3 with respect to the state 2 part of the economy, it is
clear that sP®-concentration (s¥%-concentration) is detrimental (beneficial) for

the state 2 intermediates. Thus, it amplifies (lowers) the monopoly effect.

Productivity Effect: Basic research increases the probability of successful innova-
tion, and thus, enhances technological growth. Higher technology raises profits
for both the intermediate firms and the final-good sector. Consequently this ef-
fect on consumption is positive. By definition, it is obvious that the size of the
productivity effect is primarily determined by the innovation size . How sP%-

and sPf-concentration affect the level of the productivity effect is ambiguous.

On the one hand, sPf-concentration (s¥®-concentration) lowers the aggregate

technological level of the state 1 (state 2) sectors due to the beneficiary size

effect’s dominance over the research effectivity effect. On the other hand, sPf-

BR
53

concentration (s3*-concentration) increases the aggregate technological level of

the state 2 (state 1) sectors due to the research effectivity effect.

Wage Effect: Higher labor employment in the basic-research sector reduces the labor
supply for the intermediate firms. Consequently the equilibrium wage increases.
This has several implications for consumption. First, wage income increases,
which affects consumption positively. Second, labor becomes more expensive,
which lowers the profits of the intermediate firms as well as those of the final
sector. This impact on consumption is negative. Third, also the costs for labor
in the basic-research sector rise. That is why a higher tax rate has to be levied,
and consumption is lowered. The aggregate impact of the wage effect on con-
sumption is generally negative.!’ The magnitude of the wage effect is decreased

(increased) by sPE-concentration (sZ%

lows. sPR-concentration (sf-concentration) reduces (increases) the demand for

-concentration). The intuition is as fol-

production workers L* and total demand for private researchers in the state 1

sectors sPELL but it increases (reduces) total demand for private researchers in

1Tt is possible that the wage effect gets positive for a very small parameter range. s;, ¢ and =y
have to be low. See Appendix A.4. The intuition is that in these circumstances the wage’s impact
on the final sector’s profit is positive. The final sector benefits from the fact that the state 2 leaders’
innovation probability decreases with wage, and thus, they have to pay less monopoly rent.
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the state 2 sectors sP#LL. The first two shifts in demand always dominate the
third. Thus, total labor demand decreases (increases) with sPf-concentration
(sPR-concentration).'? This implies that the equilibrium wage is lower (higher)

for a given amount of basic research.

5 Comparative Statics

In what follows we run a comparative-statics analysis to examine what sectoral con-
centration of basic research yields the highest consumption level. We consider three
different frameworks. We start with a benchmark case in which we look at a high-
technology country with an unitary openness factor. We proceed with an economy
that features sectors of different technological levels, but still assume an unitary open-
ness factor. Finally, we consider a country with diversified technological level and

openness across sectors.

5.1 Benchmark Case: High-Technology Country (s; = 1) with

Unitary Openness

We first analyze the simplest scenario. We assume an economy with an unitary open-
ness parameter o and where all sectors are in state 1, i.e. an economy which is tech-
nologically most advanced. This provides us a benchmark for the following discussion
of the more general scenarios and helps us to better understand all the effects that

underlie basic-research concentration.

Figure 1 illustrates how total consumption and optimal basic research change with
the degree of basic-research concentration in the considered scenario. Interestingly,
it does not matter how much the government concentrates basic research as long as
concentration is not too strong. This is due to the fact that the research effectivity
effect equals the beneficiary size provided that sP® = 0. This condition is illustrated
in the proof of Lemma 3. The research effectivity effect is normally dominated by the
beneficiary size effect, as the impact of the former is dispersed on several sector types.
However, in this scenario we assume only one sector type s;, which implies sZf = 0.
Thus, the research effectivity effect affects exclusively the s;-sectors, which causes it to

have the same size than the beneficiary size effect.

121t is straightforward to show.
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Figure 1: Effect of Basic-Research Concentration: Benchmark Case (A = 100, v = 1.4,
0 =250=07 8 =18 =0, s88=0,s3=0)

Figure 2: Innovation Probability pP# in the Benchmark Case (A = 100, v = 1.4,
0 =250=07 8 =18 =0 s88=0,s3=0)

Moreover, as the direct effects are zero in aggregate, there is no incentive to change the
amount of basic-research investments. However, at a certain degree of concentration
optimal basic research and total consumption start to fall. As illustrated in Figure 2
this is due to the fact the the innovation probability pPf reaches one, and hence, we do
not have interior solutions anymore. In order for pPf not to exceed one the amount of
basic research has to be narrowed down, which obviously has a negative effect on total
consumption. As we are not interested in the corner solutions, we will in the following

stop our simulations as soon as any innovation probability reaches one.
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5.2 Technology Diversification and Unitary Openness

We depart from the benchmark case, and analyze economies, which have a positive

share of sectors that are not leading technologically. Though, we still assume an unitary

openness factor 0. We start by analysing how sPF-concentration affects welfare, and

then turn to the evaluation of sZf-concentration.

sPE.Concentration
BE_concentration affects consumption is illustrated in Figure 3. It is increasing

with sP® implying that no sPf-concentration maximizes welfare. When remembering

How s

the preceding discussion of the effects this result is not surprising. We know from
Lemma 3 that sPF-concentration decreases total consumption through the direct ef-
fects, as the beneficiary size effect exceeds the research effectivity effect. Thus, it seems
that in general the outcome’s direction is in line with the direct effects. Figure 3 also
suggests that sP®-concentration tends to decrease optimal basic research. This can be
explained by the fact that sPf-concentration reduces the positive escape entry effect

and increases the negative monopoly effect.

Robustness checks show that this result holds for a wide range of parameters. However,
for parametrizations comprising low values of ¢ and v, and high values of s; we obtain
the opposite result, i.e. consumption as well as optimal basic research increase with
sPE_concentration for interior solutions.'® This implies that in these circumstances the
indirect effects are positive, and dominate the negative direct effects. The intuition is
as follows. The direct effects are weak as research is not that efficient for two reasons.
First, the technological progress obtained by innovation is small (low 7). And second,
the domestic firms do not need to fear foreign firms’ entry (low o). Thus, even when
not innovating the domestic firms will most likely retain their profits. The indirect
effects are dominated by the wage effect as the escape entry effect is low for low o,
the productivity effect is unimportant when v is low, and the monopoly effect is low
for high s;. And because the negative wage effect decreases with sP%-concentration,
consumption is affected positively by sP®-concentration in this special case. Thus
we can state, that in the scenario with low ¢ and ~, and high sy, basic research is

very expensive. The reason is twofold: One the one hand basic research is not that

13Given a positive amount of basic research, sP® = 0 can never be optimal (See Gersbach et al.
(2008) for a detailed analysis why state 1 sectors are necessary.). In the discussed case consumption
increases with sf E_concentration but at some point innovation probability reaches one, and consump-
tion starts to fall again in the area, where we have no interior solutions.
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Figure 3: Effect of sPf-Concentration (A = 100, v = 1.4, § = 2.5, 0 = 0.7, s; = 0.8,
5y = 0.2, P =0.2, s3 = 0)

efficient. On the other hand, the distortion on the labor market (wage effect) is strong.
By increasing sPf-concentration the distortion on the labor market is softend, which
renders basic research less costly, allows to invest more in basic research, and enhances

consumption.

sPE-Concentration

Unlike sPf-concentration, sZ%-concentration for the most part has a positive effect on

total consumption and on optimal basic research, as is depicted in Figure 4. It implies
that sZf = 0 maximizes total consumption. Or in other words, the government should
exclude the state 2 sectors from the basic-research programme. The explanation is in
line with the one for sPF-concentration. The result is primarily determined by the
direct effects. And we know from Lemma 3 that the direct effects of sZ%-concentration
are consumption enhancing. sZf-concentration has to be chosen in order to support the
state 1 part of the economy in the highest possible way. This is achieved by choosing
sBf =0, so that the research effectivity of the state 1 intermediates is maximized. The
tendency that sP%-concentration increases optimal basic research is established by the
BR
2

following conditions: s3'*-concentration enlarges the positive escape entry effect, and

it lowers the negative monopoly effect.

In accordance with sPf-concentration, robustness checks support this result except
when ¢ and v are low, and s is high. Then the result turns around caused on the one

hand by the dominance of the indirect effects, and on the other hand by negativity
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Figure 4: Effect of sZ%-Concentration (4 = 100, v = 1.4, § = 2.5, 0 = 0.7, s; = 0.8,
sPR =08, 55 =0.2, s3 =0)

of the indirect effects for these parameter values. We already discussed that the wage
BE_concentration increases the

negative wage effect, it affects consumption negatively. Hence, no s&%-concentration is

effect is a key factor under these circumstances. And as s

optimal, as it lowers the cost of basic research by reducing the distortion that it has on
the labor market. This enables the government to invest more basic research. Hence,
in this case choosing sP® = s, in order to diminish the labor market distortion is more
beneficial to the state 1 part of the economy than increasing the research effectivity by

setting sPF = 0.

5.3 Technology and Openness Diversification

So far we had an unitary openness parameter within our modeled economy. However,
reality shows that openness diverges across sectors (e.g. Lee and Swagel (2000) and
Koyama and Golub (2006)). The government, for instance, protects some sectors
more from globalization than others. In the following, we introduce this feature in
our model by broadening our sector diversification. We now differentiate between
two openness factors, ¢° and ¢¢, whereas ¢° > ¢¢ This implies that the sectors
exhibiting ¢° are more open than those holding ¢¢. The new sector diversification is
thus given by s?k, 35’“ (j = 1,2,3; k = BR, N), whereas the indices o and ¢ indicate

which openness factor the sectors exhibit. The adjusted concentration parameter is
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1 oBR_

given by ¢ = —pr—sr—sr—sr-.. We will omit the discussion of s cBR_
ST +s7 +s3 +s5

and s

concentration, as we have already shown in section 5.2 that in general it is welfare
enhancing to renounce investing in basic research in the backward sectors. This result

does also apply here.!> Thus, we only inspect how s¢P%- and s{Pf-concentration affects

the consumption level and hereby assume s38% = s$BF = (.

What effect s¢P%- and s¢P#-concentration have on consumption depends primarily on
the innovation size 7. Figure 5 and 6 illustrate the relationship for lower values of
~. Basic research should then be concentrated on the high technological sectors with
a higher level of openness s. When v is low the technological progress obtained
by research is low, thus it makes sense to run a basic-research policy that focus on
protecting the domestic markets from foreign entry. As the s{-sectors are less threatend
by foreign competition it is advantageous to forgo basic research there in order to

support the more threatend s{-sectors by increasing their research effectivity.

We obtain the opposite result for higher values of v as illustrated in Figure 7 and 8.
Here, it is optimal to target basic research at the high technological sectors with a
lower level of openness s{. A high v implies that technological progress is important.
Thus, the government should run a basic-research policy that guarantees the highest
possible technological progress in the economy. This involves to abstain from defending
the domestic profits with any basic-research support in the open sectors. The reason
is twofold: First, it allows for a free technology boost in the open sectors by importing
the high technology from foreign firms. Second, it maximizes research effectivity in
those sectors that are more closed, where technological progress has to be provided

domestically.

The resulting trade-off is also well apparent when considering the direct effects pre-

sented in section 4.1.

Lemma 4
For v < %, the direct effect of s¢P%-concentration (siP%-concentration) on consumption
is negative (positive). If we increase 7y up to a certain level we obtain the reversal of

the direct effects’ signs.

Proof: See Appendix A.6.

14This extension does not alter the tractability of the model, and thus, we can derive the maximum
consumption level in the same manner as in the unitary openness model. This is illustrated in
Appendix A.5.

15We obtain the same special case as in the preceding section when 7 and ¢° are low, and s is
large. Then s§Pf = s and s§B% = s§ is optimal, and s¢8%- as well as s{Pf-concentration increases
consumption for interior solutions. The intuition is the same as before.

22



S 67 0.022
7.672 0.02
7 671 0.018
B
C L4 0.016 L
7.669 0.014
—C
7.668 L5 0.012
‘ ‘ Jo.01
0 0.1 0.2 0.3 0.4
SoBR
1

Figure 5: Effect of s¢Pf-Concentration with Low Innovation Size (4 = 100, v = 1.4,
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Figure 6: Effect of s¢##-Concentration with Low Innovation Size (A = 100, v = 1.4,
0 =2 0°=0.70°=0.3, 8¢ =04, s$B =04, s =0.4, s§=0.1, s9P% = 0, s5 = 0.1,
ssB =0, 5§ =0, s5=0)

On the one hand, s¢P%-concentration (s$F-concentration) affects only the s¢-sectors

(s{-sectors) negatively through the beneficiary size effect. On the other hand, the
research effectivity effect of s¢PE- and s{Pf-concentration has a positive impact on
both, the s{- and the s{-sectors. Whether s{- or s{-sectors are more important is
the determinant of the focus basic-research concentration should have. v scales the
importance of the different sector-types. If it is low, protecting domestic profits is

the major concern, and thus, s¢-sectors are more important. s{?%-concentration has a
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Figure 8: Effect of s{?%-Concentration with High Innovation Size (A = 100, v = 1.6,
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positive direct impact on consumption as it affects the s{-sectors only positively through
the research effectivity effect. The direct effect of s¢Pf-concentration is ambiguous

cause of the opposing research effectivity and beneficiary size effect. The latter is

dominant as it focuses exclusively on the s{-sectors. Thus, consumption declines with

s¢BE_concentration through the direct effects. If ~ is large, technological progress is

important which lays the focus on the s{-sectors. As a consequence, the direct effect

oBR_ oBR

of s and s{”"-concentration on consumption goes in the opposite direction.
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Robustness checks support this result for most parameter values. Noticeably, it is
sufficient for ¢° and ¢ to differ minimally to obtain the presented pattern. Though,
if the sum of ¢ and ¢ is very low, we obtain a different result. Then basic research
should be concentrated on the s{-sectors independently of the size of . However,
this is primarily due to our assumption of v < 2. In such a context v would need to
increase more than allowed to obtain the reversal of the results. The reason is that
with a lower sum of ¢° and ¢¢ the free technological progress that can be imported
from foreign firms is not important. Consequently, the weight of technological progress
must be increased by rising v excessively in order for a basic-research policy, that aims
at maximizing technological progress, to be optimal. This condition is also illustrated

in the proof of Lemma 4 in Appendix A.6.

6 Discussion and Extensions

The results in the preceding section suggest that in most cases it is optimal to concen-
trate basic research only on the most important sector type (either sP2, ¢8R or s¢BR).
It implies that given this optimality all these cases are theoretically comparable to the
benchmark case in section 5.1, i.e. basic-research concentration within this sector type
has no effect on consumption.!® The reason is in accordance with the explanation in
section 5.1. When basic research is excluded from all sector types except one, the re-
search effectivity effect of basic-research concentration only affects this one sector type

just like the beneficiary size effect, and thus, they both cancel eachother out.

One might argue that this situation is unlikely, as the government might not be able
to guarantee the complete exclusion of some sector types from basic research. For
instance, the sectors’ level of technology and openness might not be known for sure,
leading to unintentional investment in less important sectors. Or, the government
might want intentionally to support some unimportant sectors because of some other

political reasons, like redistribution issues or voter favour.

Even so, basic-research concentration is modeled such that given (almost) optimality
of excluding all the less important sector types, we obtain the mentioned borderline
case. The positive effects of basic-research concentration within the most important
sector type exactly (almost) cancel out the negative effects. Hence, let us analyze the

concentration parameter ¢ more precisely. For given amount of basic research and

16 At some level of concentration within this sector type, innovation probability reaches one and
concentration starts to be detrimental for consumption.
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demand for private researchers, ¢ defines to which extent basic-research concentration
enlarges the innovation probability of a firm that is a basic-research beneficiary. Every
slight change in the weight of ¢ would imply a deviation from the irrelevance of basic-
research concentration within the sector type which should be focused on. Thus, it is
a straightforward exercise to expand ¢ with a weighting parameter. For instance in
the benchmark case, we can give ¢ the following extended form: ¢ = (sf%y’ whereas
> 0. So far we assumed 3 = 1. Hence it is obvious, that for 8 < 1 sPf-concentration
is detrimental to consumption, as the positive research effectivity effect is scaled down.
If we have 3 > 1 the opposite holds. In similar fashion, the inclusion of 5 changes the
results in the extended frameworks. Given the optimality to focus basic research only
on the most important sector type!”, basic-research concentration within this sector
type has a positive (negative) effect on consumption for 5 > 1 (8 < 1). Accordingly,
if B < 1, it is optimal to spread basic research across all sectors of the most important
sector type. For 8 > 1 basic research should be focused only at a fraction of the sectors

from the most important sector type.

The concluding question is what possible features of an economy with a low 3 respec-
tively a high 3 are. A low § implies that basic-research concentration has weak positive
effects. Research synergies or spillovers across sectors, which are not modeled explic-
itly, could be determinants of (3’s size. Strong research synergies or spillovers across
all sectors of the most importan type would then explain a low (. For instance, the
research fields biology, chemistry and medicine are very complementary. Thus, if these
fields belong to the most important sector type in an economy, it makes no sense to

skip one and concentrate on the others.

7 Conclusion

Within a Schumpeterian growth framework, we have analyzed how a country should
concentrate basic research optimally across sectors dependent on openness and tech-
nological level. Our results suggest that first, the backward sectors should be excluded
from the basic-research programme in order to increase research effectivity in the more
important leading sectors. And second, basic research should be targeted at a frac-
tion of the technologically leading sectors if openness diverges across sectors. Then,

given a small innovation step, it is optimal to concentrate basic research on the high-

1"With the inclusion of 3 we might obtain additional types of results that suggest to target basic
research on more than one sector type. However, this goes beyond the scope of the presented results,
and thus, it will not be considered here.
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technological sectors that feature a higher degree of openness. The main aim is to
protect the sectors that are most threatend by foreign high technological firms. If
we have higher innovation steps, basic research should be concentrated on the high-
technological sectors with a lower degree of openness. The policy’s aim here is to
maximize technological progress. Thus, it should allow the entrance of foreign firms in

the more open sectors to benefit from the free import of high technology.

There remain several interesting open issues which are left for future research. First,
a straightforward extension would be to differentiate sectors also with respect to the
important innovation-step size. It would then be possible to control for the sectors’
difference in technological growth speed. However, it is very complex to implement
this in our model framework. Second, it may be interesting to endogenize the behavior
of foreign countries and to examine the issue of targeting basic research from a global
perspective. This would increase the strategic scope of basic research, as taking over
foreign markets would constitute an additional incentive to invest in basic research.
Third, it might be useful, but by no means trivial, to establish the dynamics of our
model in order to examine a social planner’s solution for basic-research investment

across many generations.
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A Proofs

A.1 Proof of Lemma 1

We show that the function LZ(w) strictly increases in w, hence the inverse function
exists. As LP < 0 is not feasible, wages lower than v/ A are not possible in equilibrium.
Rewriting equation (21) as

-4

B _
Pl =18

(32)
reveals that L will be zero for w = v/ A, and converges to 1 for w — oo. No equilibrium
exists for w < v/ A. For w > /A, it is convenient to replace w by v/z.A, where z > 1.
We obtain

11
LP(2) = —%~. (33)
1+ 56
We now need to show that LP(z) is strictly increasing in z, i.e. that
OLP(2) _ = (L4 55) + 2551 5%
9 PV > 0. (34)
(1+=56)
This condition can be rewritten as
B+C B+C
1-— 2 > 0. 35
22 A2 * 2 A? (35)

If B+ C > 0, we can estimate the left-hand side from below by multiplying the last

term with £. This gives us

B+C

Vil

0,
which is obviously satisfied.

We now consider the case where B+ C < 0. As the left hand side of (35) is increasing
in z, we know that if condition (35) is satisfied for z = 1, it will also be satisfied for

z > 1. By inserting z = 1, we obtain

B+C
A2

1+ > 0. (36)

This holds under Assumption 1, i.e. if B+C > —A%
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A.2 Proof of Lemma 2

To prove that we have a unique maximum consumption level in the relevant space
w > VA, we show that c(w) is either always decreasing in w or increasing in w,

reaching a local maximum, and then decreasing in w.

To analyze the slope of ¢(w), we differentiate with respect to w:

dc(w) —wd(2A+2D+ &) —3uw(2B +3C + F) + w*(B+ C)(6A — 4D — 25)+

ow w?(w* 4+ B+ C)?
5wt A(C + F) + w?(B+C)(2B+ 3C + F)
w?(w* + B+ C)?
(B+C)(A(C+F)— (B+C)(2D +€))
w?(w* + B+ C)?

_l_

It is obvious that the denominator is positive. Hence, to determine the slope it is
sufficient to focus on the numerator only. As we are interested in the relevant space
w > /A, it is convenient to replace w by v/zA, whereas z > 1. The numerator takes

the form

—AAY2A+2D + &) 33 A3(2B + 3C + F) +522A3(C + F) +

7 \\

g

U |4 V‘l,/
A (B +C)(6A — 4D — 28) +2A(B+C)(2B+3C + F) +

X

(B+C)(A(C+F) - (B+C)(2D+8)l.

(.

~
Z

We note that A, B,D,E,F > 0, F > —C, and A > D + £. The analysis can be

simplified by distinguishing four cases.

I. B+C>0and (B+C)2D+&)—-A(C+F) <0
U and V, the terms with the highest exponents of z, are negative, while all the
remaining terms, W, X, Y, and Z, are positive. Hence, it is obvious that in
this case c(w) either falls straightaway in z or w, or it rises first and falls after

reaching its maximum.

2. B+C>0and (B+C)2D+&)—AC+F) >0
U and V are negative, W, X, and Y are positive, and Z is again negative. If Y
dominates Z for z = 1, it is always dominating and as in the preceding case the

exponents of z can be used to state the uniqueness of a maximum consumption
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level. Inserting z =11in Y 4+ Z > 0 leads to

AB+C)2B+4C+2F) — (B+C)*(2D +&) >0
A(2B +4C +2F) > (B+C)(2D + &)
2A(C+ F)+2A(B+C) > (2D + &)(B +C).

As A > D + &, the inequality holds, and the existence of a unique maximum is

shown.

.B+C<0and 2B+3C+F >0

U and V are still negative, W is positive, and the remaining terms X, Y, and
Z, are negative. Thus it is sufficient to show that W 4+ X +Y + Z > 0 holds for
z = 1. Arguing with the exponents of z again, ¢(w) is then either falling all along
or rising before falling continuously. Next we prove that W+ X +Y + Z > 0 for

z=1:

5A3(C+ F) + A2(B+C)(6A — 4D — 28) + A(B+C)(2B+ 3C + F)+
AB+C)C+F)— (B+C)P?*2D+&) > 0.

Estimating W + X + Y + Z from below by using Assumption 1, the inequality

reduces to

4A3(C+ F) + A2 (B+C)(6A — 4D —28) + A(B+C)(2B+3C + F)+
—(B+C)P*2D+&) >0
AA(C+ F)+ A2 (B+C)6A-2D - &)+ AB+C)2B+3C+F) >0
BA*(C+F)+ A2(B+C)(6A—2D &) +2A(B+C)* >0
SACH+ F)+2A(B+C)? — A*(B+C)2D + €) + 6A4*(B+C) > 0.

The second and third terms are positive. Hence, again estimating the LHS from

below by neglecting them gives us

3A*(C+ F)+6A3(B+C) >0
3C+F)+6(B+C)>0
2B+3C+F > 0.

This inequality holds by the definition of the case we are dealing with.
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4. B+C<0and 2B+3C+F <0
In this case, U is negative, V and W are positive, X is negative, Y is positive, and
finally Z is negative. It is thus slightly more complicated to show the existence
of a unique maximum of ¢(w). We have to take two steps. First, we show that
X dominates Y at z = 1.

A*(B+C)(6A —4D —28) + A(B+C)(2B+3C+ F) <0
A(6A —4D —2E) +2B+3C+ F > 0.

The fact that A > D + &£ allows us to reduce the inequality to
2A% +2B+3C+F > 0.
Furthermore, omitting the positive term C + F leads to

2A* +2(B+C) >0
A2 > —(B+0).

According to Assumption 1 the inequality holds. Consequently, X +Y + Z is
negative along the whole relevant interval because of z > 1 and X having the
larger exponent of z. The next step is to prove that V+W +Y + X 4+ 7 > 0 for

z=1.

—3A2B+3C+ F)+5A%(C+ F) + A*(B+C)(6A— 4D — 28)+
AB+C)2B+3C+F)+ (B+C)(AC+F)— (B+C)(2D+E&)) >0
2A3(C+ F) +2A(B+C)(B+2C + F)+
—2A2(B+C)2D + &) — (B+C)*(2D+ &) > 0.

Making use of Assumption 1, we can reduce the inequity in the following way:

2A(C+F)+2AB+C)(B+2C+F) - A*(B+C)2D+&) >0
2A(B+C)* — A*(B+C)(2D + &) > 0.

As both terms are positive, the inequity is correct. Considering the exponents of z
and the two facts that X+Y +7 < 0 always holds and that V+W+X+Y +27 > 0
at z = 1, we can state the validity of V + W + X +Y + Z > 0 along the whole

relevant interval. Furthermore, we know that U is negative and that it has the
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highest exponent of z. Thus in this case as well, ¢(w) either falls continuously or

rises first to reach a maximum and falls subsequently.

A.3 Proof of Lemma 3

By using equation (25) in equation (27) we obtain the following expression for overall
consumption

c=(1—LPYw+ sPRaPR 4+ sV + sPRalf + n¥. (37)
We now have to show that the derivative with respect to sP is positive.

dc  O(sPRxBRYy gl prOTPR Ony

_ N
OsPR — OsPR * &SfRﬂl HE dsPh — 9sBl
st Bp2 , A A
- U By 140 (1-g)
[¢ (sPR+ 5’233)2] (v=1+0) 25672w? +{1-0) 16yw

A sDR A?

1— — LPO*(1 — 0)?———
(1-0) 16yw (PR 4 sPR)2 (1-0) 256~2w?3 *
st B2 A?
0 B —o)(y — 1 ) M
0 | PP - )~ 1+ 0)0 - Do

LLE@?Q — 0)2(7 — Q)i
(sPR 4 sDHR)2 64~y3w?
A2
25675w?
H1-o)r—1+0)(y = 1) =41 -0P(1-2)}
A2
2567%w?
(1-0)2Gy=-8)} >0, (38)

=¢sy T LP0? {v(v —1+0)—y(1-0)"+

=¢? s PG> {7(7—1—#0)(7— l+o04+41-0)(y—1))—

It is obvious to see that the direct effect of sP®-concentration is neutral when s = 0.

It means that in this case the beneficiary size and the research effectivity effect cancel

eachother out.

As the expression in (38) left of the brace is surely positive, it remains to show that

the brace is positive.

\7(7—1+0)(7—1+0+4(1—0)(7—1)) (1—0)*(5y —8) > 0.

'\ J/

g

P

Q4

P is always positive. For v < % also @) is positive, and hence, the inequality holds. In
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order to analyze the validity of the inequality for v > % we derivate it with respect to
7.

372 +129%(1 — o) — 207(1 — o) +8oy(1 — o) > 0.

—~ N v N 4

() (4) for v>E )

Thus, P 4 @ increases in v when v > % holds. And as we have shown that P+ Q > 0
5
proven that sP®-concentration has a negative direct effect on consumption.

for v = £, it will surely be positive for higher values of v as well. To sum up, it is

With the same line of argumentation we can show that the derivative of (37) with

respect to s is negative. Hence, the positive direct effect of sP®-concentration is

proven.

A.4 The Wage Effect’s Direction

By using equation (25) in equation (27) we obtain the following expression for overall
consumption

B BR__BR N__N BR__BR

The wage effect’s direction can be determined by taking the derivative with respect to

w.

Oc O BE
9 _ 1 _ B BRYT
ow 8 ow

N BR y
om BROTS on

ow ow ow’

+811V

When writing out, the expression takes the following form:

9 _

A
1— LB —3sPH LP¢0*(y — 1+ 0)? — 577 (1—0)+

2562w 16yw?
A A?
N BR B 92 2
1 Tgrar (L 0) 357 g L7001 — o)
A BR B 102
~352° 3s] 6472w4L p°(l—o)(y—1+0)(y—1)— 818fyw2(1 —0)+

—3sPF ;4 LB¢0*(1 — 0)*(y — 2) — (53 + s3) (1—-o0).

4’)/2’(1)2
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This equals

1-17 - % 67 (2072 + (1 =0)(3s17 + 4(s2 + sg))>+
_3L_B A? 9¢(SBR( —140)? BR(1 _ 5)2
w 256’}/2 1 Y U) _'_82 ( U) )+
LB AQ 2 BR BR
6 T Tt 00~ o) (st (v =Dy =1+ 0) + 5 (y =4 (1 —0)) +
B 2
- %3;1 0*psPH(1 — o).

Making use of (22), (23), (24), (29) and (30), and replacing L” with (21), we get

_%_immpw)—wg(lﬁt;%)(sswcmf):
w(w* + B+ C) — w(w' — Aw?) — (w* + B+ C)(A+2D + &)+
—(w? — A)(3B+6C + 3F) =
—(w*+B+C)(2D+ &) — (w® — A) (2B+5C+3F).  (39)
5T AJ,—/\ K

It is straightforward that H, I and J are positive. Hence, if K is also positive, the

wage effect is surely negative. When writing out K we obtain

A2
556+ P27y (v — 14+ 0)° 4 255 9(1 — o)+
1057 y(y = 1)(y = 14+ 0)(1 — o) + 10s(y — 4)(1 — 0)* + 24557 (1 — 0)*] =
AQ
256739 20[st vy —1+0){2(y—1+0)+10(y—1)(1 — 0)}+

sy (1= 0)*{12y — 16}].

We see that K is surely positive for v > %. Thus, a small v is needed to obtain a

negative K. Additionally, a small o and sP%® and a high sZ¥ support this outcome.

We now assume K to be negative. In order for (39) to be positive, I must be as small
as possible, which is given for low s; and o. For the extreme case s; = 0 and o = 0,

I = 0 and the wage effect is positive given K < 0.

Thus, we have shown that for the wage effect to get positive, v, ¢ and s; have to be

low.
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A.5 Derivation of Maximum Consumption Level with Two

Openness Factors

When extending the model with two openness factors ¢ and ¢¢, the maximum con-
sumption level can be derived in the exact same way. All the state 1 and state 2
monopolists still maximize their profits according to (8) and (12). However, as they
consider different openness factors, we have to take into account more labor demands
Let, Ll Lyt LY, more innovation probabilities p¢BE, psBE = p9BE - psBE - and more
expected profits ¢9B%, ¢SBR ¢sBR - ¢sBE How this affects the remainig equations of
the model is straightforward. Moreover, the central equations of the model (21) and

(28) can be specified the same way

w(2A+ 2D+ &) +w?*(2B+3C+ F)+ (B+C)2D + &) — A(C + F)
w(w* +B+C) ’

c(w) =

whereas here A, B, C, D, £ and F take the extended form

A
A= W [o—"(s‘l’ + 55+ 53)72 +(1- a")(s‘l’fy +4(s§ + sg’))—i—
of(s5 + 55+ 55)77 + (1 —0°) (57 + 4(s5 +55))] > 0

AQ 0. o O. o
— 256729 gb[slBR(y —140°)2 + 55871 — 0°)?+

iy =140 + 557 (1= 0%)?] > 0
A2
- 1287392¢[3?BR7(7 —1)(y =1+ 0°) (1 —0°) + s§"%(y — 4)(1 — 0°)*+
sty (y = Dy = 14 0°)(1 = o) + 5577 (y = 4)(1 — 0°)?]

A o C (&
D= 167[31(1 0%)+si(1=09] > 0

A

E= 16[ °(s] + 854 83) + o (sT+s5+55)] > 0
A o C. C
32 392¢[ BR( ) =+ 82BR(1 . )2] > 0

— 1
and ¢ = 59BF geBR | oBR { cBR -

As A — F feature the same sign than the ones of the basic model, Lemma 1 and 2 and
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their proof are also valid for this case.

A.6 Proof of Lemma 4

We assume s§8% = PR = (. Considering equations (25) and (27), the expression for

overall consumption in the framework with two openness factors is given by

c = (1 _ LB>’[U —I—S?BR OBR+S(1)N +S(1:BR CBR‘l'SiN cN +7Ty’
whereas 7Y takes the form
Y — [ (S(fBR(l pcl)BR) + 31 + 80+ 53) 4 Scl)BR oBR (a_> (1—a)+
w
o
[0 (s§PR(1 — pPR) + sV + 85+ s5) + s§PRpiPHR] A4, ( ) (1—a)+
[$99R(1 = 0°) (1 = pPFo) 4 55V (1 — o7 (% (1—a)
cBR cBR cN a_2 i
[s777(1 = o®) (1 = piP") + 577 (1 — w (1—a)+
[(5(2)"'33)(1_00)+(5§+5§)(1_U)]At 2<w> (1—a).

By derivating ¢ with respect to s¢8% and s¢®

R

R R_

we obtain the direct effects of s¢?

OBR

respectively s{Pf-concentration. We start with s

dc :@(s‘l’BR moBR) N 059N oN +ScBR87rfBR N oY
85(1)BR aSOBR aszl)BR 1 1 Os (1)BR astl)BR
spot Bp2 , A A
- LB2(y — 14 02— (1 — %)
[(b (5577 + 5633)2] 1) s T ) G
A GeBR 12
1 __ o0 _ 1 LBQ2 _ 1 c\2
( o )16")/111 ( oBR + ScBR> (ry t+o ) 256,-}/2w3+
PR G 7.7 R D R I O s
(s9BR  5BR)? v v 64~ 2w?

cBR B AQ
( BR+SCBR) L~0 (1_0)(7_1+U)<7_1)W
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dc _¢280BRLBQ2 A?
! 256y2w3

Bs7PT {(7—1—1—00)2—(7—1—1—06)2—1—
Ay =11 =0") (7 = 1+0°) = d(y = 1)(1 = 0°)(y = 1+ ) }.

The sign of the expression in the brace determines wether the direct effect is positive

or negative. We can write out the brace to obtain

(0°)? = (0’ +2(y — 1)(0” — o) + 4(y = D2 — ) (0° — 0°) — (0°)> + (0°)*] =
(0% = 0°) [=(4y = 5)(0° + 0°) + (10 — 4v)(y — 1)].

As (0° — 0°) is positive the expression in the squared bracket is determinant. It is

obvious that for v < 2 the direct effect of s¢%#-concentration is always negative.

We now show that the direct effect of s¢P%-concentration becomes positive if we increase
the level of v high enough. Therefore, we take the derivative of the expression in the

squared bracket with respect to v
—4(0° 4+ 0°) + 14 — 8.

For (o° + o¢) > % it is surely negative, and thus, the bracket expression falls mono-
3
29
on it is negative. Consequently, the expression in the squared bracket starts to fall

tonically in . For (0° + 0¢) < 2, it is first positive and from a certain level of ~y

monotonically in v at a certain level of 7. Thus, is is proven that the direct effect
of s¢PR_concentration is positive with large enough ~. However, we assumed 7 to be
bounded according to v < 2. By inserting v = 2 in the squared bracket expression we

can determine under which condition we do not obtain a reversal of the direct effect’s

sign.
—3(0°+0°)+2>0
2
= > (0% +0°).
3
Doing the same exercise to calculate the direct effect of s{Pf-concentration, we rapidly

see that it is the exact opposite of the direct effect of s¢P%-concentration.
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