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1.
Introduction

The success or failure of the Triple Helix of university-industry-government relations in the development of innovations depends on how the decision making agents respond to the overall objectives. Benner and Sandström (2000) suggest that the norm system may be the key to understanding what enable and what hinder the development. An obvious alternative approach is to look at the incentive system.
 We may simply ask to what extent the purpose of the Triple Helix can be fulfilled through the interactions between rational agents motivated by self interest. This is consistent with the view that the driving force of the interactions making up a triple helix can be specified as the expectations of profits (Etzkowitz and Leydesdorff, 2000, p.218) – profits interpreted in a wide sense to mean net benefits or payoffs.

This investigation is interesting since it may reveal important barriers to implementation that is not revealed by looking at norm systems alone and suggest some answers to how the rules of the game should be designed for the Triple Helix to succeed.

In order to link the concept to empirical content, we will look at sea farming of new species as a specific case. The case is chosen on basis of relevance for future regional development in coastal areas of Norway as suggested in official policy documents. 

2. The Background

Norway has been increasingly dependent upon export of oil and gas to pay for imports. In 2001 export of oil and gas amounted to 57 percent of total export value according to official figures from Statistics Norway. As the known reserves are running out, there is considerable political concern over what could be done in order to make the transition as soft as possible. Development of new industry based on marine resources has been identified as a potential important export earner in the future. Seafood amounted to 6 percent of total export in 2001, of which farmed salmon made up 42 percent (source: Eurofish Magazine June 3 2002, p.25). The salmon farming industry has grown from nothing to a major export earner in 30 years, and Norway is now the biggest salmon exporter in the world. It is therefore not surprising that farming of new species is high on the agenda in the search for new opportunities. Species that have attracted most interest so far are cod, halibut, arctic char and blue mussels. In addition there are several other species of both finfish and shellfish, e.g., arctic urchin. At the moment, these are all emerging industries (Porter, 1980, ch. 10).
 The commercial potential may be large, but there are as yet many unsolved technological and biological problems specific to locations and the specie in question in order to create a commercially successful value-chain from sea to market.

When we consider emerging industries, the most prominent and general feature is uncertainty. The mere chance of survival for an individual firm is often small. Networking may be seen as a strategy in order to increase the probability of survival and hence expected present value of the enterprise. Considering emerging industries, we may therefore conjecture that the increase in expected payoffs by participating in a network comes from a change in the probability distribution for survival more than a change in outcomes.

3. Approach

Our approach may be called postdata model construction, also referred to as Sherlock Holmes inference (Leamer, 1978). In A Study in Scarlet, Holmes replies to Dr. Watson’s question concerning the likely perpretators of the crime:

“No data yet… It is a capital mistake to theorise before you have all the evidence. It biases the judgements.”

Unlike Sherlock, we are not capable of keeping all doors open. We have already closed some by limiting ourselves to look at the incentive structure, and we will restrict ourselves further by considering game theoretic models. There remains, however, considerable scope for Sherlock Holmes inference. Our aim is to use the information available to inform the formulation of game theoretic models that may be useful in order to analyse incentive structures in the real world networks we are concerned with.

Game theory provides a tool for analysing the function and logic of social institutions and patterns of behaviour when dealing with situations of conflict. The usefulness of the model depends on the modeller’s ability to identify and include the factors that are perceived by the players to be relevant.

”Modelling requires intuition, common sense, and empirical data in order to determine the relevant factors entering into the players’ strategic considerations and should thus be included in the model. This requirement makes the application of game theory more an art than a mechanical algorithm.” (Rubinstein, 1991, p.919)

It is therefore most appropriate to look at the empirical information we have before we impose structure on the models.

4. Empirical data

Our present empirical data is information based on in depth interviews with entrepreneurs trying to break through, farming mussels and sea urchins in the northernmost waters. We also have some inside information since one of us has been involved in the development and drifting of a network, Seafood Cluster North (SCN), comprising the same agents, as well as some suppliers, R&D representatives, public regulators and public facilitators.  We have also had access to some information based on a more comprehensive sample of firms from the emerging halibut aquaculture industry. We are grateful to Dr. Foss for bringing this information to our attention and have also benefited from her collaboration on interview guides in order to facilitate possible future comparisons. We had hoped to have more information ready for this paper, in particular we would have liked to have information available from interviews with public sector representatives as well as representatives for applied marine biological research. As for now, we have to settle for what we have and concentrate on the industry sector as a first step, but we will report based on a richer material comprising all three sectors in future work. The information on this very early stage is particularly valuable as a snap-shot in time that can be compared to the information obtainable through repeated interviews in a longitudinal study as time unfolds.

Concentrating at the industry sector as a first step does not mean that we a priori consider the firms to have leading roles in innovation. We do, however, consider the success of the industry to be the ultimate criterion by which triple-helix relations involving the other sectors should be judged.

Based on the available information, we have made a list of observations that we have grouped under three headings: technology, markets, and information.

The technology

1. The mussel farmers use open technology known to anyone. There is therefore no race between the farmers for patents. The innovations are related to adapting existing technology to a new biological setting. The farmers develop skills, know-how and tacit competencies that constitute appropriable information. We may describe the technology as relative low-tech, but high-skill. 

2. Sudden break-throughs immediate followed by marketing of the product is not possible. The development of skills seems to be an incremental process better described as learning by doing. The minimum time until the plant can be in regular production is rather long and predictable.

3. There appears to be complementarity between farming of sea mussels and salmon. In order to make the investments necessary for full-scale harvesting and processing profitable, some sharing arrangements using one vessel, the same machinery and a common labour pool was suggested to us. Different farmers had different solutions to this. One is a fully operating salmon farmer and the positive externalities between different lines of production should therefore show up as internal economies of scope. One has sold a minor stake of the shares to a local salmon farmer, who is also a board member. Another has started discussions with a neighbouring salmon farmer on shared arrangements, possible organised outside the two firms. Adding to technological complementarities, there may even be biological synergies from co-location of mussels and salmon. This is as yet at the research stage and regulating authorities do not permit co-location before eventual negative effects have been ruled out. 

The markets

4. The farmers say they do not expect to possess market power once the business is operational. Unlike salmon when salmon farming was in its infancy, blue mussels are in principle a low priced bulk product where volume is important for profitability. However, there is an interesting analogy between salmon farming and mussel farming in this particular area that may offer some market power just the same. Because of natural conditions, salmon harvesting takes place later than further south. “Longer growing time may result in another production cycle, and then better timing of selling, There has been a matter of common knowledge that fish-farmers in Finnmark (the extreme northern part of Norway) sell their fish at the right time. This is maybe not only because of their skills in predicting prices, but perhaps just because they produce their fish out of phase, and in that way are able to cream skim the market.” (Guttormsen, 1998, p. 50) The experience so far suggests that the same is likely to apply for mussels.

The information 

5. The information is voluntarily disseminated to other farmers on a reciprocal basis. We know that information-sharing arrangements can take various forms. It can be deliberately disseminated on the explicit initiative of company personnel, but in the present case it is more like farm A being prepared to answer inquiries from farm B and possibly come to assistance when technical difficulties occur. The understanding is then that such assistance is a two-way process. 

6. The compensation for the services offered horisontally is with one exception not in money, but in kind (the exception is a service based on machinery the others do not possess and would have to buy from non-local suppliers at higher prices c.i.f.).

7. The business is considered to risky for private banks. The farmers are liquidity constrained and look for alternatives to generate revenues until the plants are operating at a regular basis. One option is to sell services based on the acquired know how for money. This is now done to local authorities demanding information on different locations within their jurisdiction. This information is not resold but made freely available.

8. Farmers are updated on progress and setbacks in other plants. Even if it was deemed desirable, secrecy is difficult since plants are located in open sea where anybody may approach and observe what is going on. 

Let us now see how these stylised facts can be translated into model assumptions that we may consider critical for the relevance of any theoretical model. 

5. From facts to theory

We may suspect that the first fact is critical for the temptation to go alone rather than co-operating through information sharing. Patents could be licensed to a wide market, possibly world-wide. Services based on proprietary know how, on the other hand, is probably constrained by time and travel expenses to a more local market. Hence, the potential value to the firm is smaller. This observable difference in technology used in different industries, say in halibut aquaculture and mussel farming, may be mapped into qualitatively different payoff matrices that are used in a model encompassing both types of industry. If the potential for patents is larger for halibut aquaculture, we may consider the payoff matrix of a one shot prisoners’ dilemma to be a reasonable representation, whereas the payoff matrix of a one shot stag hunt game may be more appropriate in the mussel case. The difference between these two representations is made clear from the examples in Table 1.

Table 1. Payoff 

Entries are payoffs to the row player. The first entry is the payoff in a prisoners’ dilemma, the second in a stag hunt. 







Column player’s strategy







Cooperate

Defect




Cooperate

2
3

0
0

Row player’s strategy




Defect


3
2

1
1

We see that whereas defect is a dominant strategy in the prisoners’ dilemma (defect is the best response whatever the other is playing), defect is only best response to defect in the stag hunt, cooperate is best response to cooperate. Thus the stag hunt has two equilibria, one where both players cooperate and one where both defect.

Fact number 2 may also be discussed in terms of different payoff matrices and may strengthen or modify the case for one or the other depending on the circumstances. In mussel farming the case for the stag hunt representation is strengthened. Fact number 2 may also have some bearing on whether the situation is best approached by a one shot game or a repeated game. The distinction between the two is not between situations of repeated interactions and an isolated incident. The proper criterion is to what extent players calculate the effect of their behaviour on future games or not. In the mussel farming industry they certainly do, but we may conjecture that industries where fact number 2 is not true may be more susceptible to myopic behaviour and the one shot approach therefore more appropriate. 

Why have not more salmon farming firms diversified by entering the mussel farming industry? This appears to be a reasonable product extension that can be motivated by a more efficient exploitation of resources and assets as suggested by fact number 3.
 A possible answer might be the perceived risk. To the extent that the entrepreneurs in the mussel farming industry succeed in the first phase and look for external funding in order to move to the harvesting and processing stages, the risk may be acceptable to more salmon farmers so that they would seize the opportunity and go for mergers, buy-outs or other arrangements.

Fact number 3 therefore suggests to us that the set of players may be highly unstable over time and that the relative homogeneity at the moment may be replaced by a phase of transition when the players temporarily become much less equal in terms of size and capabilities. We are therefore led to the conclusion that in order to analyse the game in terms of homogeneous players, it may be wise to restrict the pretended applicability of the information sharing game to the first phase before the uncertainty is sufficiently resolved for other more risk adverse agents to move in. On the other hand, it may be interesting to look at how cooperation may evolve and eventually break down. We could allow accumulation of information so that older cohorts of players might be reluctant to reveal information to latecomers if there are costs related to disseminating the information. 

If the farmers expect to be pricemakers rather than pricetakers in the product market, we suspect ex ante cooperation to be less likely. In general, future product market competition may be important for the incentives to share information today. Fact number 4 suggests an inconsistency between reported expected future market power and what we think is going to be the situation based on previous experience from salmon farming and information on the biological cycle for shells. It is therefore of some interest to allow for different assumptions concerning future competition in order to assess how sensitive results are.

Fact number 5 underlines the reciprocity. If a player believes himself to be superior to the others, he may be reluctant to give away information because he does not expect to receive sufficiently useful information in return. If the players are very different in terms of proprietary know how, compensation in kind may provide to little incentive for industry wide information sharing, We may expect coalitions of homogeneous players to form or another compensation scheme based on money.

Fact number 6 gives us reason to ask whether compensation in kind or in money makes any difference to the incentives for devoting resources to innovations. The analysis in Baumol (2002) suggests it does. Under certain conditions, compensation in kind increases spending on innovation compared to compensation in money (Baumol, op.cit., ch. 7).

As we have observed, most services are disseminated against compensation in kind, not in money. This is interesting, since we would expect liquidity constrained players to take advantage of their assets in order to raise cash. Fact number 7 suggests that the players are careful not to jeopardise the information sharing arrangement when offering services for money. Just the same, we may expect that liquidity constraints put some strain on the possibility for cooperation. 

Fact number 8 suggests that perfect monitoring may be a sensible approximation to reality in the present case. We know from the literature on repeated games under perfect and imperfect monitoring that the effects of detection lags on the possibility for cooperation may be very different depending on whether monitoring is perfect or not (Abreu, Milgrom and Pearce, 1991). 

6. Discussion

We can think of two different kind of analysis that may call for different sets of assumptions in order to concentrate on the main issues. The first kind of analysis is the comparison across different emerging industries, e.g., halibut, cod and mussel farming. An interesting approach would be to compare stylised facts, translate the facts into different sets of assumptions, and look at the possibilities to sustain information sharing conditional on each set of assumptions. The analysis may give some clues to what role the public sector could play in order to affect the possibilities for cooperation. However, ex ante cooperation in the form of information sharing may not always yield welfare gains (see Katz and Ordover, 1990). It is therefore of interest to examine if the overall effects are positive or negative in each case. 

The second kind of analysis is the analysis of a single industry at different points in time. As we have suggested, there may be reasons to believe that the possibility for industry wide information sharing in, e.g., mussel farming, may change as times go by. To the extent that the changes do not reflect changes in the social returns, there may be reasons for public sector initiatives.

What about the other two sectors in triple helix relations? The public sector and the R&D sector could be approached along the same lines as the industry. Indeed, we are now subjecting representatives of the two other sectors to similar questions that we have used to obtain information from the industry itself. On basis of this information we could list different sets of stylised facts and choose model specifications in accordance with what we consider important. Perhaps principal-agent relationships would be reasonable representations of what is going on in these sectors? The final step would of course be to bring the sector models together, in order to highlight important interdependencies. Whether this is at all a feasible research strategy and also a useful one remains to be seen. The first step, however, is to extend the literature on R and D cooperation in high-tech industries to high-skill, low-tech emerging industries, following the suggestions offered here. 
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� See Elster (1989) for a brief, readable discussion of the opposition in the social sciences between norms and instrumental individual rationality as explanations for behaviour. 


� Even  mussel farming is an emerging industry, although mussels are knorn to be farmed for at least 800 years. It is emerging in the sense that the feasibility of commercial farming under these biological conditions has yet to be proven.  


� The stag hunt game is attributed to Jean Jacques Rousseau, see Bergstrom (2002).


� Montgomery (1994) suggests this as one of three basic reasons for diversification.
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