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Abstract 

In this paper, we assume that the absorptive capacity of firms located in a given region is 

positively influenced by territorial-dependent aspects, and analyze the effects of the spatial 

elements that explain the differences between territories to access and absorb external 

knowledge on the innovative performance of regions and the possibility of arising local 

increasing returns. 
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1. Introduction 

The concept of absorptive capacity was introduced by Cohen and Levinthal (1989, 1990). 

Absorptive capacity comprises the organizational capabilities of acquisition and assimilation of 

external knowledge as well as the transformation and exploitation capabilities. Absorptive 

capacity comes from knowledge accumulation and its effective development requires 

familiarization with relevant prior knowledge.  

The notion of complementarity between elements of a system can be found in Hopner (2005). 

Compatibility between different but related elements can be caused by structural similarity 

between them. Economists use the concept to identify elements of company strategies that 

increase output if they are combined (Milgrom and Roberts, 1995). Complementary 

institutions and resources generate positive externalities and spillovers which are beneficial to 

the innovative activity (Feldman, 1994). Diversity plays an important role in innovation 

networks and heterogeneity may be preferable to homogeneity for the effectiveness of 

innovation (Corsaro et al., 2012). 

The diversity versus similarity dimensions of knowledge are critical determinants of learning 

according to many researchers (Abecassis-Moedas and Mahmoud-Jouini, 2008). It is necessary 

a balance between similarity and differences between the source and recipient type of 

knowledge (Cohen and Levinthal, 1990). There is a trade-off between novelty and 

understandability (Nooteboom, 2000). For exploitative learning one needs cognitive proximity, 

for exploratory learning cognitive distance. The important challenge for management is to 

balance exploitation and exploration. 

In a dyadic perspective with a recipient and source of knowledge, the source-recipient 

knowledge complementarity plays an important role in the transformation and exploitation of 

source knowledge. Abecassis-Moedas and Mahmoud-Jouini’s (2008) main result is that the 

complementarity between the recipient and the source knowledge is a critical aspect of the 

absorption process and therefore of the designing of new products. 

In this paper, we develop a comprehensive notion of absorptive capacity which, in addition to 

recognizing the importance of homogeneity of R&D approaches to access and assimilate 

external knowledge, it also considers the relevance of complementarity of the different R&D 

designs adopted by firm enhancing its absorptive capabilities. The adoption of I&D different 

but compatible approaches may be preferable for the effectiveness of innovation of firms in 

networks and regions.  

The concept of absorptive capacity, whose foundations were originally designed in the context 

of the firm theory, can be extended to more complex institutions, such as countries and 

regions (Caragliu and Nijkamp, 2012). 

Regional capability to grasp innovation and translate it into growth resides in differences 

between people that cause them to look at and appraising a given information set differently 

(Capello, Caragliu, and Nijkamp, 2009). Regions that are particularly expected to gain more 

from new knowledge are diversified areas in this sense. 



An essential hypothesis in this paper is that similarity and variety are important determinants 

of the absorptive capacity of a firm. Another initial essential hypothesis is that similarity and 

variety are explained both by the individual strategies of firms and by regional conditions and 

policies of the common space where firms are located. 

In this paper, we assume that the absorptive capacity of firms located in a given region is 

positively influenced by territorial-dependent aspects, and analyze the effects of the spatial 

elements that explain the differences between territories to access and absorb external 

knowledge on the innovative performance of regions and the possibility of arising local 

increasing returns. 

The rest of the paper is organized as follows. In section 2, the hypotheses of the theoretical 

model are set out and the structure of the model is developed. In section 3, we present the 

equilibrium results of the market game of firms, in particular, the optimal choices of the 

various components of the innovation strategies of firms. In section 4, the model and its 

equilibria are applied to the study of major regional issues. Finally, section 5 sets out the main 

findings and proposes further research developments. 

 

2. The Theoretical Model 

In this section, we analyze a game of three stages with the following timeline. In the first stage, 

firms simultaneously select their R&D designs, in the second stage, their R&D expenditure 

levels are chosen, and finally output quantities are chosen. Business decisions concerning R&D 

orientations and R&D expenditures can be taken non-cooperatively or cooperatively. We shall 

consider in turn each of these cases. Firms are maximizing profits when they choose their 

innovation strategy, and the R&D technology they employ exhibits diminishing returns in R&D 

expenditures. 

Firms serve only a given regional market. Firms compete with each other in the final product 

market because they are located or agglomerated in the same region. There is no trade 

between regions, and no interregional or international competition in the given final market. 

The effective R&D level of a firm as assumed in this paper is 

Xi = xi + b (1 – di) (1 – dj) xj + p dj di xi, with i, j = 1, 2 and i ≠ j. 

By committing themselves to R&D investments, firms have an opportunity to reduce their unit 

costs of production. The effective cost reduction obtained by firm i, Xi, amounts to its own R&D 

effort, xi, a fraction of its rival’s R&D efforts, xj, and an increase of firm i’s technical 

competence due to the complementarity between the R&D approaches of the two firms, di 

and di. Parameters b and p, with 0 ≤ b, p ≤ 1, denote respectively the productivity or 

effectiveness of knowledge similarity and complementarity exogenously determined by the 

structure, organization and culture of the region or territory where firms are located. 

We impose by hypothesis that p does not exceed 1, besides that we logically set that b does 

not exceed 1. We assume therefore a tradeoff between similarity and complementarity that is 



ex ante symmetric, i.e. symmetrical before the firms’ choices of their technological distances di 

and di. The maximum that one gets in terms of effective cost reduction with territorial 

connectivity equals the maximum that one can get with synergies and local increasing returns 

arising from the different R&D approaches adopted by firms. However, we should note that 

there is no particular reason for restricting p to values not exceeding 1. The phenomenon of 

local increasing returns would be most likely more pronounced for values of p greater than 1. 

In this representation of a firm’s effective level Xi, firm i’s absorptive capacity is given by two 

elements, similarity of knowledge, b (1 – di) (1 – dj), and complementarity of knowledge, p dj di. 

Effective level of knowledge comprises not only firms ' choices of R&D approaches but also 

absorptive capacity aspects dependent upon the connectivity and complementarity of the 

territory. It is the complementary element of knowledge that is new to the literature and 

makes our model an extended version of the absorptive capacity's model by Wiethaus (2005). 

Firm i faces a trade-off between similarity and complementarity in its choice of R&D 

orientation, di. Increases in di increase the third additive term of Xi at the expense of the 

second term, while increases in the complement 1-di increase the second term at the expense 

of the third. This conflict between similarity and complementarity however ceases to exist as a 

result of the choice of the other firm j, a soon as it either picks dj = 0 or dj = 1. The connectivity 

between firms ceases to exist the moment one of them chooses an idiosyncratic R&D 

approach d = 1, and the potential of complementarities ceases to exist the moment that one of 

the firms choose a purely broad R&D approach d = 0. 

The specificity of a firm’s R&D orientation may have its source in the specific culture of most of 

its employees. Denote the proportion of migrant workers originating from a different culture 

employed by firm i as fi, with 0 ≤ fi ≤ 1. Then, we simply have di = fi. Cultural diversity would 

then be the explanation for the existence of different approaches in conducting R&D and the 

emergence of technological complementarities and local increasing returns in the activity of 

knowledge absorption. 

The business decision to choose d involves a second trade-off in addition to the one analyzed 

by Wiehthaus (2005), the last one being the trade-off between high appropriabilidade of a 

firm’s own R&D and connectivity to external sources of technological knowledge. 

In this paper, we implicitly assume an exogenous level of knowledge spillovers of 1. We are not 

interested in the analysis of the effects of appropriability of innovation benefits determined by 

industrial considerations on the strategies of firms. We are interested in the effects of 

parameter b of connectivity between firms agglomerated in a region, which is determined by 

exogenous or territorial considerations, not on the accessibility of information which is spilled 

over between firms. 

 

3. Equilibrium Results 

The presentation of results when firms compete in R&D begins with the characterization of 

existence and multiplicity of non-cooperative equilibria at the initial stage of simultaneous 

R&D design choice. We limit our attention to symmetric equilibria regarding the choice of R&D 



orientations d by of each of the two firms located in an innovative region. We employ the 

Mathematic software to perform numerical simulations and fill in Tables 1-8 in appendix with 

the equilibrium results of the model. In carrying out the numerical simulations, we assume 

that market size, given by the difference between the highest consumer reservation price and 

the constant marginal cost of production is equal to 10, and that the productivity parameter of 

R&D technology is equal to 3.56. This last value ensures that the second-order condition with 

respect to the level of individual R&D investment is satisfied. 

In order to control spillover flows between firms and at the same time to enjoy potential 

synergies between the firm-specific orientations of R&D, management of each firm seeks to 

establish the optimal balance between similarity and complementarity with the choice of its 

own technological distance d. According to Proposition 1 next and Table 1 in appendix, this 

balance leads to the extreme choices of d = 0 or d = 1 for b ≤ 0.977745, while emerging an 

interior solution of d for b > 0.977745. 

 

PROPOSITION 1: suppose that firms compete in R&D. For b ≤ 0.977745, there are two corner 

solutions if p = 0, the general and firm-specific R&D approaches d = 0 and d = 1, and a unique 

solution if p > 0, d = 0. For b > 0.977745, it emerges an interior solution where d increases in b 

and p, continuing to subsist equilibrium d = 1 if p = 0. 

 

In equilibrium, for sufficiently high values of similarity b, distance d increases in response to an 

increase of b and this increase is greater the higher complementarity p. Each firm’s managerial 

response to increases of b is increase d to better control the flow of information to its rival and 

still benefit from complementarity or synergy gains if p > 0. 

Thus, and to the extent that d, or 1-d, and b are the outcome of choices made by different 

entities, we can say that business similarity 1-d and territorial similarity b are strategic 

substitutes (Bulow et al., 1985). You can speak about geographical proximity and cognitive 

proximity, and knowledge spillovers vary according to the definition of proximity (Caragliu and 

Nijkamp, 2013). Likewise, we can say that d and p are strategic complements. 

A firm’s R&D approach d is influenced by exogenous or territorial elements of similarity and 

complementarity of absorptive capacity b and p, respectively, as it can be seen by consulting 

Table 1 in appendix. To begin, a brief caveat to the extreme case of lack of connectivity and 

complementarity b = p = 0. In fact, the number of equilibria in the case of b = p = 0 is 

indeterminate and not just two. A few comments about the interesting cases of b > 0 next. 

When b is relatively low, increases of b do not influence d, but as soon as b takes on very high 

values, additional increases of b lead to increases of d. As to p and its effect on d, a first 

conclusion is that p can increase d and, in a sense can even diminish d. Specifically, for b ≤ 

0.977745, the passage of p = 0 to p > 0, can destroy the extreme equilibrium d = 1 and lead 

firms to coordinate their expectations around the unique existing equilibrium d = 0. 

The characterization of the innovation strategy of a firm in a cluster or region and in 

competition with another firm in the region is not complete without before we characterize 



each firm's R&D investment in symmetric equilibrium and describe how the optimal level of 

R&D effort varies with the elements of absorptive capacity that are influenced or dependent 

on the region or territory in question. 

 

PROPOSITION 2: suppose that firms compete in R&D. For b ≤ 0.977745, the level x of R&D 

investment decreases in b but does not change with changes in p in the case of corner solution 

d = 1. For b > 0.977745, x increases in p and also in b for p > 0, but does not change with 

changes in b for p = 0. In the case of d = 1, x does not change with changes in b. 

 

This second result is obtained from Table 2. The explanation of this result is based on the 

incentives at the margin for a given firm i to undertake R&D, ∂(2Xi – Xj)/∂xi = 2(1 + pd2) – b(1 – 

d)2. Table 3 shows that the amounts of incentives at the margin to undertake R&D are 

consistently aligned with the R&D investment levels to be chosen in equilibrium. 

Then, the decomposition of these incentives at the margin between incentives associated with 

the similarity of absorptive capacity and incentives associated with the complementary of 

absorptive capacity allows us to understand the non-monotonic relationship of the symmetric 

level of R&D investment x with b and p. Specifically, it allows us to understand why x decreases 

in b for most values of b but increases in b for b values high enough, and why x does not vary 

in p for most values of b, but increases in p for values of b high enough. In fact, x varies 

negatively with marginal incentives of the absorptive capacity element associated with 

similarity b(1 – d)2 and positively with marginal incentives of the absorptive capacity element 

associated with complementarity pd2, which are described respectively in Tables 4 and 5. 

Next, we present a result on the effective level of R&D X which is dependent on not only the 

individual R&D effort of both firms as well as cognitive elements of absorptive capacity 

influenced by the connectivity and complementarity that exists in the region or territory. The 

effective level of technological knowledge X is a good indicator of the innovative performance 

of a firm in our model. Firm i can lower its production cost in 2Xi – Xj as a result of the R&D 

efforts of both firms. In symmetric equilibrium, this difference equals the common value X. 

Table 6 allows one to establish the following proposition. 

 

PROPOSITION 3: suppose that firms compete in R&D. For b ≤ 0.977745, in the case of corner 

solution d = 0, the effective level of R&D effort X increases in b until it reaches a global 

maximum at b = 0.5 and then decreases in b to a local minimum at b = 0.977745; X does not 

change with changes in p. For b > 0.977745, X slightly increases in p and also in b for p > 0, but 

does not change with changes in b for p = 0. In the case of d = 1, X remains unchanged with 

changes of b. 

 



The maximum value of X is reached at b = 0.5, in the case of corner solution d = 0. The value of 

X in this case is 1.63399. The maximum percentage change of X, which is reached when b goes 

from 0 to 0.5 for any p, is equal to 0.1454298 = (1.63399 – 1.42653)/1.42653, practically equal 

to 15 percent. 

The explanation of the non-monotonous evolution of the symmetric level X as a function of b 

and/or p requires its decomposition in two terms. X can be represented as the product of 

common level of individual effort x by absorptive capacity unit of common x, X/x, or marginal 

incentives associated with the similarity and complementarity elements of absorptive capacity, 

∂X/∂x = b(1 – d)2 + pd2. These incentives increase in b up to b = 0.5 in the case of corner 

solution d = 0 and then decrease all the way for every p > 0. For p = 0, these incentives at 

margin reach their maximum at b = 0.977745 and then stabilize for additional increases of b. In 

the case of corner solution d = 1, these incentives at the margin are always zero. 

The non-monotonic evolution of X with respect to b is explained by the evolution in opposite 

direction of x and X/x = ∂x/∂x. In Table 7 it are represented the latter term relating to 

incentives at the margin of the similarity and complementarity elements of absorptive capacity 

that are associated with the b and p, respectively. For b < 0.5 and b > 0.977745, x and X/x 

evolve in opposite direction with increases in b, implying that X increases in any of these cases. 

Now another way firms interact strategically in the selection of their innovation strategies. 

Firms cooperate in succession in the stages of choice R&D orientation d and choice of 

individual R&D effort levels x. In particular, as regards the choice of d, we have established the 

following result of symmetric equilibrium. 

 

PROPOSITION 4: suppose firms cooperate in R&D. In the cooperative solution, the optimum 

R&D design is the corner solution d = 0 if b > p and d = 1 if b < p. 

 

The relative magnitude of b and p determines whether the optimal solution is d = 0 or d = 1. 

Second-order conditions for maximizing industry profits set when each firm chooses its R&D 

design d rule out critical levels of d, which satisfy the first-order condition ∂(2Xi – Xj)/∂di = – b(1 

– dj) + pdj. This is why the cooperative solution is not an interior solution. 

We can say that similarity of technology 1-d and territorial similarity b are now strategic 

complements in a sense. To the extent that a further increase of b can change the relative 

magnitude of b and p, causing b > p, d goes from 1 to 0, which increases the difference 1-d 

from 0 to 1. Likewise, we can say that d and p are also strategic complements. An increase of 

p, such that the relationship between b and p changes to b < p, leads to a change of d from 0 

to 1. Therefore, we can say that d weakly increases with increases in p. 

In the cooperative case, can firms achieve a given reduction in the unit cost of production, X, 

with the minimum total cost of R&D? It can be proved that firms allocate their R&D resources 

efficiently when they act cooperatively in the following sense. Choices of R&D orientations are 



said to be efficient if they maximize the effective level of knowledge per unit of individual 

effort, X/x. 

 

PROPOSITION 5: the R&D cooperative solution is efficient. 

 

In the next section we will make an application of this model and its equilibrium results to 

important regional issues. 

 

4. Application to Regional Absorptive Capacity 

Caragliu and Nijkamp (2012) asks where does knowledge produced in Sicily go, and why does it 

not show up in Sicily’s statistics on productivity? The authors argue that these questions are 

linked to Solow’s paradox about the new economy 

In this model, the innovative performance of a region is best represented by the effective R&D 

level of each firm clustered in the region. We will address below the question of whether the 

paradox of productivity at regional level briefly referred to in the previous paragraph can be 

seen in the model for high values of parameters of territorial connectivity and complementary 

b and p. 

When firms compete in the formulations of their innovation strategies, in particular in their 

choices of R&D design, there are reasons to believe that increases in b or p lead in the end to 

reductions of X or, at best, let X (almost) unchanged. Managing R&D to establish the optimal 

balance between similarity and complementarity in case of competition in R&D seems to 

counteract any positive effect on the innovative performance of firms that may arise from 

exogenous increases in cognitive similarity and territorial connectivity or complementarity and 

local increasing returns. 

We enunciate two results on when the productivity paradox of regions can occur, because 

they establish when increases of the similarity and/or complementarity elements of absorptive 

capacity associated with the territory, which are initially considered to be high, do not lead to 

an increase in the rate of technical progress of a region. The understanding of what is a “high” 

value of b or p is not clear at the outset, nor there only one valid definition of "high value". 

Thus, in the case of firms competing in R&D, we take that b is high when it exceeds 0.5, but in 

the case of firms cooperating in R&D, we will use a relative notion and say that b is high if b > 

p. For comparison of the non-cooperative and cooperative solutions in undertaking R&D, we 

should impose the two previous conditions at the same time and restrict this way the relevant 

the range of values of parameters b and p. 

 

COROLLARY 1: suppose that firms compete in R&D. Increases in territorial similarity b decrease 

X se 0.5 < b < 0.977745, leave X unchanged if b > 0.977745 and p = 0, slightly increase X if b > 



0.977745 and p > 0, and increase X if b < 0.5. Increases in territorial complementarity p do not 

change X if b ≤ 0.977745 and slightly increase X if b > 0.977745. Suppose now that firms 

cooperate in R&D. Increases in b do not increase X if b < p and increase X if b > p. Increases in p 

do not increase X if b > p and increase X if b < p. 

 

Consider first the case of competition in R&D. For b > 0.5, X decreases in b until reaching a 

local minimum at b = 0.977745, slightly increasing thereafter with additional increases in b if p 

> 0. For b ≤ 0.977745, X does not change with changes in p. For b > 0.977745, variations in X 

with respect to b and/or p are low or reduced, and in principle, undetectable in any empirical 

study, and then we may claim that X has practically stabilized. As an illustration of the above, 

the highest percentage variation of X in the region of very high b's, when b goes from 0.977745 

to 1 and p = 1, is only 0.0134598 = (1.46374 – 1.4443)/1.4443, which is essentially equal to 1 

percent. This same variation is obtained when p goes from 0 to 1 and b = 1, where X goes from 

1.44427 to 1.46374. And this reduced variation is also obtained with simultaneous increases of 

b and p, respectively, from 0.977745 to 1 and from 0 to 1. It should be noted that, in reality, 

1.44427 and 1.4443 are the same number, and the difference is due to the use of 

mathematical software to perform numerical analysis. For p = 0.25, the percentage variation of 

X when b goes from 0.977745 to 1, is smaller and only 0.0018624 and, for p = 0, the variation is 

0, implying that there is no longer a positive variation of X. The effective level of I&D is 

described in Table 6. 

The effective level of effort X does not increase or hardly increases in b or p despite the fact 

that individual level of common x may increase when b > 0.977745. Competition in R&D at the 

stage of choosing R&D orientations has an important role in the explanation of this result. 

Competition between firms in the choice of d's causes increases in b and/or p to result even in 

reductions in the level of absorptive capacity per unit of x, X/x. For p > 0, increases in b or p 

induce increases in d and reduce these incentives at the margin associated with absorptive 

capacity and thus constitute a negative force in the evolution of X. The increase in x is 

counterbalanced by the reduction in the level of absorptive capacity per unit of x and, 

therefore, by the reduction in the marginal incentive of the similarity element of absorptive 

capacity. For p = 0, increases in b are exactly compensated by increases in d, leaving these 

incentives at the margin completely unchanged. The marginal incentive of the similarity 

element of absorptive capacity and the reduction in the level of absorptive capacity per unit of 

x are described in Tables 4 and 7, respectively. 

The second comment on this corollary begins by considering the alternative case of 

cooperation in R&D. Both multiplicative components x and X/x of effective effort level X 

increase in b if b > p and in p if b < p, because incentives at the margin to undertake x and the 

level of absorptive capacity per unit of x increase when managers of firms respectively choose 

optimal R&D designs d = 0 and d = 1. Incentives at the margin to realize x and the level of 

absorptive capacity per unit of x are described in Tables 3 and 7, respectively. 

Given this, we can draw the following implication on the conditions under which we can 

observe the regional productivity paradox. 



 

COROLLARY 2: the regional productivity paradox takes place when firms compete in R&D and b 

increases, for 0.5 < b ≤ 0.977745 and for b > 0.977745 and p = 0, and when p increases, for b ≤ 

0.977745, but doesn't take place when firms cooperate in R&D. 

 

In case firms compete in R&D, unless public authorities with regional concerns do invest 

massively in the territorial element of connectivity, b, so that it exceeds the threshold of 

0.977745, even if it is already greater than 0.5, any increase in territorial complementarities 

alone is simply fruitless and does not increase X. After b exceeding this threshold, unless public 

authorities invest in territorial element of complementarities, p, so that it is at least positive, 

any increase of b does not produce the desired effect of increasing X. 

When p = 0, competition in R&D explains the persistence of regional productivity paradox. 

Apparently, only significant territorial complementarities and associated strong local increasing 

returns can counter and overcome the dominance of the competitive force and thus eliminate 

that unwanted innovative performance of regions investing in innovation. 

Cognitive elements as part of territorial capital magnify the contribution of knowledge by 

determining the formation of increasing returns to knowledge exploitation (Capello, et al., 

2009). 

Regional authorities, once the b and p thresholds are exceeded, must face the relationship 

between b and p as being synergetic. When allocating scarce resources in promoting and 

developing their region, public authorities must finance activities that promote b and p at the 

same time, or finance specific activities to promote b and p that mutually support each other. 

Policy interventions are often associated with trade-offs when they allocate economic 

resources, but sometimes there is a possibility of public authorities alleviating such trade-offs 

and even taking advantage of potential synergies (Swart, 2008). Trade-offs and synergies are 

opposing concepts in this regard. 

In case firms cooperate in R&D, so long as public authorities with regional concerns invest in 

the most important territorial element of absorptive capacity, that is, b if b > p or p if b < p,  

increases in b or p always induce increases in X. A rational policy of persistent investment in 

the most efficient territorial element of absorptive capacity is all that is necessary for regional 

development. 

When deciding how to allocate resources to promote a region, public authorities must now 

face the relationship between b and p defined as being of conflict, leading them to face a 

trade-off between regional connectivity and complementarity. The economic activities and 

areas to be funded are those that must enhance and promote either b or p. 

Polycentric metropolitan areas have potential which allows reaping the benefits of 

agglomeration in a network of cities (Meijers, 2007). The concept of complementarity is 



central in regard to situations in which the functionality of an institutional form is conditioned 

by other institutions (Hopner, 2005). 

Will be the space structure and the culture of the territory that decisively determine the values 

of b and p in our model and affect the focus of regional and urban policies? Will then be the 

way firms are located in space and cities are networked that is crucial to explain the values of b 

and p, and consequently the level of regional development? Or, instead, will be the existence 

of institutional complementarities between the spatial organization and industrial relations 

that determine industrial and regional success? 

Empirical results show that a lower regional absorptive capacity increases knowledge spillovers 

towards neighborhood areas, lowering the regions’ ability to exploit new knowledge (Caragliu 

and Nijkamp, 2012). 

Will knowledge spillovers to surrounding areas increase (or at least not decrease) when the 

absorptive capacity of firms in the developed region decreases? Define knowledge spillovers to 

neighboring areas as an exogenously determined fraction of x. The next results establish the 

conditions under which this could happen. Looking at Table 2 in appendix allows us to 

immediately obtain this conclusion. 

 

COROLLARY 3: When firms compete in R&D, reductions in b lead to an increase of knowledge 

spillovers to neighboring areas for b ≤ 0.5. 

 

COROLLARY 4: suppose that firms compete in R&D. Reductions in b at least do not lead to a 

decrease of knowledge spillovers to neighboring areas for b > 0.977745 and p = 0. Reductions 

in p do not lead to a reduction of knowledge spillovers for b ≤ 0.977745. Suppose that firms 

cooperate in R&D. Reductions in b do not lead to decreases of knowledge spillovers for b < p, 

and reductions in p do not lead to decreases of knowledge spillovers for b > p. 

 

This phenomenon of increases (or, at least, non decreases) in knowledge spillovers to other 

regions as a result of reductions in the innovative region's absorptive capacity only happens for 

initial values of b and/or p considered to be low and when firms compete in R&D. Note that, 

when firms cooperate in R&D, reductions in b when the initial value of b is considered high or 

reductions in p when p is considered high always lead to reductions in knowledge spillovers to 

the surrounding areas. 

We address another question concerning the absorptive capacity being increased by 

connectivity or complementarity investments made in the territory. Regions with high 

innovative performance should supposedly have high territorial similarity and 

complementarity simultaneously translated, respectively, in high values of b and p. Is it 

possible that additional increases of any one of these exogenous parameters do increase x and 

reduce flows of spillovers to neighboring areas, x(1 – d), at the same time? The next corollary 



establishes under what circumstances such a reduction of x(1 – d) takes place. Table 8 

describes individual absorbable spillovers to neighboring regions. 

 

COROLLARY 5: suppose that firms compete in R&D. Increases in territorial similarity b reduce 

individual flows of absorbable spillovers to surrounding areas, x(1 – d), for p < 1 and slightly 

increase x(1 – d) for p = 1. Increases in territorial complementary p do not change x(1 – d) for b 

≤ 0.977745 and slightly increase x(1 – d) for b > 0.977745. Suppose now that firms cooperate in 

R&D. Increases in b do not change x(1 – d) if b < p but increase x(1 – d) if b > p. Increases in p 

do not change x(1 – d), whether b < p or b > p. 

 

Our comment on this result begins with the case of R&D competition. Increases in x(1 – d) with 

increases in b and/or p, when they take place they are reduced or low. The maximum 

percentage increase in x(1 – d) when p increases from 0 to 1 takes place at b = 1 and is 

reduced: 0.0130094 = (0.731485 – 0.722091)/0.722091. When b increases from 0.977745 to 1 

the percentage variation of x(1 – d) is maximal at p = 1 and, however, it is also reduced: 

0.0016582 = (0.731485 – 0.730274)/0.730274. And this variation is exactly the same that 

results when b and p increase from 0.977745 to 1 and from 0 to 1, respectively. 

When firms cooperate in R&D, if b increases when b > p, which leads firms to choose d = 0, 

then x(1 – d) = x also increases. If p increases when b < p, which leads firms to choose d = 1, 

then x(1 – d) = 0, i.e. no increase. Authorities with regional interests would then be investing 

and enhancing the regional component of absorptive capacity of higher value: b if b > p, and p 

if b < p. 

Will increases in the similarity element of absorptive capacity b increase each firm’s 

investment in R&D at the same time that they reduce the useful outflows of knowledge 

benefiting the neighboring regions? Increases in the territorial complementary p do not 

contribute to simultaneously increase x and reduce x(1 – d), whatever the nature of the 

strategic interaction of firms in R&D is. The next result establishes under what conditions x(1 – 

d) decreases even though x increases. 

 

COROLLARY 6: when firms compete in R&D, x increases and the absorbable spillovers to other 

areas, x(1 – d), decrease with increases in b for b > 0.977745 and 0 < p < 1. When firms 

cooperate in R&D, we do not see at the same time an increase in x and a reduction in x(1 – d) 

for every increase in b. 

 

With increases in b, assuming high values of b to start with, we see a decreasing flow of useful 

spillovers to other regions at the same that individual investment increases when firms 

compete in R&D, but we do not see such decreasing outflow when firms cooperate in R&D. 



A new question of regional nature related to or complementing this is one is raised next. A 

region can be considered as having a high innovative performance if increases of their 

territorial components of absorptive capacity b and/or p increase individual knowledge flows 

x(1 - d) to neighboring regions. 

 

COROLLARY 7: suppose that firms compete in R&D. Increases in x(1 – d) is an indicator of high 

territorial complementarity and existence of local increasing returns when b increases, and an 

indicator of high territorial connectivity when p increases. Suppose now that firms cooperate 

in R&D. Increases in x(1 – d) when b increases is an indicator of high territorial connectivity. 

 

Increases of the connectivity element of absorptive capacity related to the territory suggest 

this way when there are local increasing returns. Increases in b decrease knowledge flows to 

other regions except when the complementarity component of absorptive capacity is high 

enough, that is, when p = 1 or p takes values in the close neighborhood of 1. 

Traditional regional policies apparently cannot achieve of goals of greater growth but even 

spatial distribution of income and economic activities (Martin, 1999). There will be a trade-off 

between growth and spatial distribution of economic activities. 

In our model, however, there seems to be hope for regional policies as public authorities 

probably face a non-conflicting relationship between regional equity and efficiency. That is, in 

our model, there appears to be possible to achieve both a higher long-term growth and 

smaller territorial inequalities as soon as b and p reach high enough values. Specifically, you 

must have reached as a result of political action b > 0.977745  and p around 1, so that 

increases in b and/or p are translated simultaneously into increases in x, X and x(1 – d). 

Thus, due the intervention of public authorities which implement regional policies promoting 

regional connectivity and complementary, we may no longer observe the existence of a 

relationship between regional growth and inequality. Firms innovate in an region because they 

are agglomerated in the region and benefit from dynamic advantages of agglomeration, but 

the agglomeration of firms bring in not only growth and dynamic efficiency as well as reducing 

profits among rival firms. On the other hand, the increase of diffusion of knowledge generated 

with innovation within the rich regions and of useful spillovers to other less developed regions 

will increase both the profits of imitative firms located there and the welfare of the less 

developed regions. 

Finally, we raise another question of regional nature that is related to the previous two. One 

might think that innovative regions, with high and rising values of territorial similarity and 

complementarity b and p, while enduring the paradox of regional productivity, see a high and 

growing amount of their absorbable knowledge being inevitably spilled over to other regions. 

The second phenomenon would be causally related to the first, thus contributing to its 

explanation. However, that is not what happens in our model. An immediate implication of the 

previous results is the following corollary. 



 

COROLLARY 8: the paradox of productivity at regional level and the increase of absorbable 

spillovers to surrounding areas do not take place simultaneously. 

 

Suppose that firms compete in R&D. When b increases, for b > 0.977745 and p = 1, or p takes 

on values in the close neighborhood of 1, territorial complementarity is sufficiently strong and 

overcomes the strength of R&D competition so as to make x grow significantly more than d, 

increasing x(1 – d). Therefore, we do not observe at the same time a reduction or even a 

constancy of x and an increase x(1 – d) with increases in b. When firms cooperate in R&D, the 

productivity paradox doesn’t even take place. 

 

5. Conclusions and Further Developments 

Our model shows that cognitive considerations associated with the spatial organization and 

culture of the territory when combined with cognitive elements related to the organization of 

R&D and culture of firms contribute to justify and explain the productivity paradox observed in 

regions with a considerable level of innovative effort. 

Intra-regional competition between firms clustered in a given developed territory seems to 

have the effect of counteracting any benefit in terms of firms’ innovative performance of the 

complementarity between R&D orientations to be promoted or induced by regional policies. 

However, a complete analysis of the local increasing returns and their effects on the technical 

progressiveness of a region and the amount of absorbable knowledge outflows to surrounding 

areas requires the relaxation of the assumption that p cannot exceed one. This is a first 

theoretical development worth doing. 

But there is a second line of research worth pursuing also linked to firm competition and 

strategic interaction. Additional strategic considerations related to interregional competition 

can also be included and treated in an enlarged version of our model to explain how the 

interregional flows of information between competitors can influence business management 

at the early stage of orientation of R&D projects and what impact the regional policies for 

promotion of intra-regional connectivity and complementarity have on these business choices 

and information flows. 

If we assume the existence of supra-regional competition, given that the final product market 

has to be appropriately defined at a nationwide or even international scale, will firms of an 

innovative region find additional reasons to control the flows of knowledge produced 

internally and now also going to other firms outside the region? Firms in a developed region 

have probably an increased interest in increasing the equilibrium value of d. Each firm in a 

developed region will be concerned not only with the increase of competitive intensity of rivals 

located in the same agglomeration arising from the spillovers from their own R&D activity, as 

well as the induced reduction of costs of firms located in surrounding areas. This increase of 



specificity of a R&D approach will be much easier the bigger are the values of the territorial 

elements of absorptive capacity b and p. 

Last another development, perhaps, the most interesting and promising one. It would be 

interesting to study possible institutional interactions between the goals and behaviors of 

public authorities with regional interests and private for-profit firms. An interesting situation of 

institutional complementarity may just arise between industrial relations and territorial 

organization, which must be treated using regional economic models in conjunction with the 

analysis carried out in this paper. Thus, an important development is to endogenously 

determine, through the use of an appropriate regional model, the values of b and p from the 

decisions of local entities or entities with regional concerns. In other words, to propose a 

regional model complementary to the market model of this paper in which b and p are now 

variables, not given parameters. 

 

 

  



APPENDIX 

b \ p 0 0.25 0.5 0.75 1 

0 0 
1 

0 0 0 0 

0.25 0 
1 

0 0 0 0 

0.5 0 
1 

0 0 0 0 

0.75 0 
1 

0 0 0 0 

      

0.977745 0 
1 

0 0 0 0 

      

0.98 0.00113624 
1 

0.00131082 0.00154858 0.00189124 0.00242718 

0.985 0.00367465 
1 

0.00423411 0.00499253 0.00607712 0.0077495 

0.99 0.00619381 
1 

0.00712827 0.0083893 0.0101792 0.0129019 

0.995 0.00869396 
1 

0.00999382 0.0117401 0.0142007 0.0178959 

1 0.0111753 
1 

0.0128312 0.0150461 0.0181449 0.0227415 

TABLE 1: Equilibrium R&D design 

 

 

 

 

 

  



 

b \ p 0 0.25 0.5 0.75 1 

0 1.42653 
1.42653 

1.42653 
 

1.42653 
 

1.42653 
 

1.42653 
 

0.25 1.26514 
1.42653 

 

1.26514 
 

1.26514 
 

1.26514 
 

1.26514 
 

0.5 1.08932 
1.42653 

1.08932 
 

1.08932 
 

1.08932 
 

1.08932 
 

0.75 0.903669 
1.42653 

0.903669 
 

0.903669 
 

0.903669 
 

0.903669 
 

      

0.977745 0.730274 
1.42653 

0.730274 
 

0.730274 
 

0.730274 
 

0.730274 
 

      

0.98 0.730252 
1.42653 

0.730513 0.73087 0.731385 0.732192 

0.985 0.730252 
1.42653 

0.731098 0.732248 0.733898 0.736453 

0.99 0.730252 
1.42653 

0.731678 0.733609 0.736364 0.740587 

0.995 0.730252 
1.42653 

0.732252 0.734953 0.738786 0.744602 

1 0.730252 
1.42653 

0.732822 0.736282 0.741166 0.748507 

TABLE 2: Equilibrium level of individual R&D efforts 

  



 

b \ p 0 0.25 0.5 0.75 1 

0 2 
2 

2 2 2 2 

0.25 1.75 
2 

1.75 
 

1.75 
 

1.75 
 

1.75 
 

0.5 1.5 
2 

1.5 
 

1.5 
 

1.5 
 

1.5 
 

0.75 1.25 
2 

1.25 
 

1.25 
 

1.25 
 

1.25 
 

      

0.977745 1.02225 
2 

1.02225 
 

1.02225 
 

1.02225 
 

1.02225 
 

      

0.98 1.02223 
2 

1.02257 1.02304 1.02371 1.02476 

0.985 1.02223 
2 

1.02333 1.02484 1.02699 1.03033 

0.99 1.02223 
2 

1.02409 1.02661 1.03021 1.03571 

0.995 1.02223 
2 

1.02484 1.02836 1.03336 1.04093 

1 1.02223 
2 

1.02558 1.03009 1.03645 1.046 

TABLE 3: Marginal incentives to undertake R&D 

  



 

b \ p 0 0.25 0.5 0.75 1 

0 0 
0 

0 0 0 0 

0.25 0.25 
0 

0.25 
 

0.25 
 

0.25 
 

0.25 
 

0.5 0.5 
0 

0.5 
 

0.5 
 

0.5 
 

0.5 
 

0.75 0.75 
0 

0.75 
 

0.75 
 

0.75 
 

0.75 
 

      

0.977745 0.977745 
0 

0.977745 
 

0.977745 
 

0.977745 
 

0.977745 
 

      

0.98 0.977774 
0 

0.977432 0.976967 0.976297 0.975249 

0.985 0.977774 
0 

0.976676 0.975189 0.973064 0.969793 

0.99 0.977774 
0 

0.975936 0.973459 0.969948 0.964619 

0.995 0.977774 
0 

0.975212 0.971774 0.966941 0.959706 

1 0.977774 
0 

0.974502 0.970134 0.964039 0.955034 

TABLE 4: Marginal incentives of the similarity element of absorptive capacity 

  



 

b \ p 0 0.25 0.5 0.75 1 

0 0 
0 

0 0 0 0 

0.25 0 
0 

0 0 0 0 

0.5 0 
0 

0 0 0 0 

0.75 0 
0 

0 0 0 0 

      

0.977745 0 
0 

0 0 0 0 

      

0.98 0 
0 

0.000001 0.000001 0.000002 0.000005 

0.985 0 
0 

0.000005 0.000012 0.0000028 0.00006 

0.99 0 
0 

0.000013 0.000035 0.000078 0.000166 

0.995 0 
0 

0.000025 0.000069 0.000151 0.00032 

1 0 
0 

0.000041 0.000113 0.000247 0.000517 

TABLE 5: Marginal incentives of the complementarity element of absorptive capacity 

  



b \ p 0 0.25 0.5 0.75 1 

0 1.42653 
1.42653 

1.42653 1.42653 1.42653 1.42653 

0.25 1.58142 
1.42653 

1.58142 
 

1.58142 
 

1.58142 
 

1.58142 
 

0.5 1.63399 
1.42653 

1.63399 
 

1.63399 
 

1.63399 
 

1.63399 
 

0.75 1.58142 
1.42653 

1.58142 
 

1.58142 
 

1.58142 
 

1.58142 
 

      

0.977745 1.4443 
1.42653 

1.4443 1.4443 1.4443 1.4443 

      

0.98 1.44427 
1.42653 

1.44454 1.44491 1.44544 1.44627 

0.985 1.44427 
1.42653 

1.44515 1.446341 1.44805 1.4507 

0.99 1.44427 
1.42653 

1.44576 1.44777 1.45066 1.45509 

0.995 1.44427 
1.42653 

1.44637 1.44921 1.45326 1.45944 

1 1.44427 
1.42653 

1.44699 1.45066 1.45586 1.46374 

TABLE 6: Effective level of R&D efforts 

  



 

b \ p 0 0.25 0.5 0.75 1 

0 0 
0 

0 0 0 0 

0.25 0.25 
0 

0.25 
 

0.25 
 

0.25 
 

0.25 
 

0.5 0.5 
0 

0.5 
 

0.5 
 

0.5 
 

0.5 
 

0.75 0.75 
0 

0.75 
 

0.75 
 

0.75 
 

0.75 
 

      

0.977745 0.977745 
0 

0.977745 
 

0.977745 
 

0.977745 
 

0.977745 
 

      

0.98 0.977774 
0 

0.977433 0.976968 0.976299 0.975254 

0.985 0.977774 
0 

0.976681 0.975202 0.973092 0.969853 

0.99 0.977774 
0 

0.975949 0.973494 0.970025 0.964785 

0.995 0.977774 
0 

0.975237 0.971843 0.967093 0.960026 

1 0.977774 
0 

0.974543 0.970247 0.964286 0.955551 

TABLE 7: Marginal incentives of the similarity and complementarity elements of absorptive 

capacity 

  



 

b \ p 0 0.25 0.5 0.75 1 

0 1.42653 
0 

1.42653 
 

1.42653 
 

1.42653 
 

1.42653 
 

0.25 1.26514 
0 
 

1.26514 
 

1.26514 
 

1.26514 
 

1.26514 
 

0.5 1.08932 
0 

1.08932 
 

1.08932 
 

1.08932 
 

1.08932 
 

0.75 0.903669 
0 

0.903669 
 

0.903669 
 

0.903669 
 

0.903669 
 

      

0.977745 0.730274 
0 

0.730274 
 

0.730274 
 

0.730274 
 

0.730274 
 

      

0.98 0.729422 
0 

0.729555 0.729738 0.730002 0.730415 

0.985 0.727569 
0 

0.728002 0.728592 0.729438 0.730746 

0.99 0.725729 
0 

0.726462 0.727455 0.728868 0.731032 

0.995 0.723903 
0 

0.724934 0.726325 0.728295 0.731277 

1 0.722091 
0 

0.723419 0.725204 0.727718 0.731485 

TABLE 8: Individual absorbable spillovers to surrounding areas 
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