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1. Introduction

Economists agree that the price system is indispensible to the efficient coordination of economic activity, yet there is deep and persistent disagreement within economics as to how prices contribute to this end.  On one view, prices offer a detailed, reliable and nearly exhaustive survey of current constraints and opportunities, reflecting even the reactions of rational economic actors to the information provided. A rough analog would be a road map showing not only current traffic flows, but also where, and at what terms, travelers without vehicles can rent them, and the reaction of drivers on and off the road to the response to all this information.  This augmented map would be much more than a convenient overview of the connections among places. It would provide an almost self sufficient guide to the attractiveness of various routes and step-by-step instructions on how to traverse them.  On this view a chief goal of economic policy is to protect the price system from distortions on the assumption that, functioning properly, it will direct self interested actors to endeavors serving their interests and the means to achieve them, while (by avoiding congestion on the road, and increasing the availability of transport and the accessibility of less traveled locations) advancing the social interest in the efficient deployment of resources.  

At the opposite pole, associated with Hayek and the Austrian School, prices are seen as a necessary but far from sufficient instrument of coordination.  Changes in relative prices, in this view, communicate crucial information about the availability of productive inputs and the expansion or contractions for markets for general classes of goods. But given that prices are statistical aggregates, and thus of necessity abstract away the full variety and flux of market activity, economic actors must almost always make decisions by combining prices with highly detailed, local or idiosyncratic information regarding inputs, production processes or products.
  Through this combination of local and general knowledge economic possibilities are explored and revealed. The entrepreneur is the master of this art of combination, and thus becomes the agent of innovation, commonly doing familiar things by new methods and less frequently, but regularly, producing novel things by surprising recombination of familiar means. The price system is in this view not a road map of possibilities and responses to them, but a language of cooperative exploration, precise enough to make manifest the doings of others, so that we can take account of their actions in our own investigations, but open-ended enough to admit and require entrepreneurial decisions—a few of which prove successful enough to inflect the language of price itself (Hayek, 1949; 2002).
  When this view of the price system prompts policy interventions, the emphasis is naturally on supports to entrepreneurship and innovation broadly conceived:  patent policy (to align individual and social returns to invention), venture capital and other programs to finance start ups, public support for “basic” R&D, and to construction of national, and post-national “systems of innovation,” linking universities, public research facilities, and firms.

Hausmann and Rodrik have recently called attention to the relevance of this Austrian perspective on the price system, and policies in support of entrepreneurship in the Austrian sense, in a provocative essay on what they call cost- or self-discovery, or “learning what one is good at producing” (Hausmann & Rodrik, 2003). Their foil is conventional development economics, which as they put it, reduces the formula for growth to “good institutions” (a well functioning price system) plus “foreign technology” (currently efficient know-how embedded in machinery available on world markets—the vehicle rentals indicated on the map of efficient routes).  But three well-documented circumstances of development cast doubt, as they observe, on this rational expectations view.  First, within very broad categories such as “labor-intensive” manufactures,” the exports in which a country specializes are often determined by happenstance—who meets whom—or, what amounts to the same thing, by the results of an idiosyncratic and costly search process.  Thus Bangladesh exports large quantities of “hats and other headgear, knitted or from textile material not in strips” to the U.S., but hardly any “bed sheets, pillowcases and bed linen (incl. sets) – woven, not printed – cotton.” Pakistan, meanwhile, despite similar endowments, specializes in bed sheets but not hats. Second, even in the case where the search points to the use of available (foreign) technology, the imported equipment must be substantially tweaked, at additional cost, to adapt it to local circumstance. It is as if the user’s manual of a rental vehicle advises that the transmission, fuel injection, and brakes have to be reconfigured or rebuilt, at unknown expense, to account for the altitude and road conditions the driver will actually face. Third, the costs of search and adaptation may well not recoverable by the pioneering entrepreneurs who bear them, because once the feasibility of an export has been demonstrated, imitators crowd into the market, competing away rents.   
It follows that without some protection of those rents—the equivalent of patent protection for inventors of new products in advanced countries—potential entrepreneurs will be discouraged from searching in the first place, and developing economies will miss important opportunities because of curtailed cost- or self-discovery.  A formal model buttresses the intuition that the “laissez faire” regime produces too little entrepreneurial investment (as measured against the results obtainable by a social planner also ignorant of “true” local prices ex ante). It is of course difficult to estimate the cost of the opportunities lost through this underinvestment (assuming that it is indeed a key obstacle to developing exports), but in related work Hausmann, Hwang and Rodrik show that countries tend to “become what they export (Hausmann, Hwang & Rodrik, 2007). 
Countries that export goods typical of those produced in high-productivity, rich countries become themselves richer and more productive.
  This results in part from the revenues that high-productivity exports earn, but more fundamentally through the learning or capacity-building possibilities they afford.  Thus the gains of self-discovery are multiplied by the subsequent learning that it enables, and the costs of its curtailment in any one period are multiplied by the costs of opportunities later lost.

Indeed, Haumann and Rodrik conjecture that costly limits to self discovery could have an important part in explaining why Latin America economies performed poorly in the 1990s, despite having rigorously implemented orthodox reform programs that increased the “goodness” of their institutions as measured by the most reliable indices. As their modeling shows, the textbook, laissez-faire regime to which the reforms aspired leaves the private return to entrepreneurship significantly below its social return. So general improvements in the quality and coverage of property rights, or in the overall ability of investors to appropriate returns, did not automatically improve conditions for investors in entrepreneurship, and may well have worsened them. The reforms could have produced this perverse effect directly, by removing barriers to entry in new markets, and thereby making it easier for imitators to benefit from pioneers’ efforts, thus discouraging pioneering. And the reforms may have produced indirect perverse effects by creating new opportunities in traditional export sectors, further reducing the entrepreneurial resources available for exploring new markets below the (insufficient level) fixed by the laissez-faire regime. From this perspective the reforms unintentionally, but at great social cost, traded a short-term improvement in market efficiency for a long-term impairment of innovative capacity. 

Like any usefully plausible challenge to orthodoxy, the argument about the centrality of self discovery to development is at once analytic and heuristic, combining both precise and narrow assertions with a general but distinctive approach to exploration and problem solving in a particular domain.  Here the analytic claims concern the deterrent effect of imitation on cost discovery in developing economies, and the need to adjust the conditions of appropriation accordingly; the heuristic is the emphasis on the centrality to development of learning and exploration as opposed to efficient combination of resources according to known recipes or blueprints. The heuristic can prove fruitful when it is conceptually at odds with the analytic claims, or even when the latter fail.  Thus it could be, as Hausmann and Rodrik suggest, that appropriability problems limit self discovery, and the remedy is a developing-economy analogue to patent protection. In that case identification of the obstacle to development would depend on some “heterodox” conceptual elements—self discovery is not easily cognizable with the “orthodox” ideas of rational-expectations economics. But the remedy—a modification of property rights to protect export discoverers against expropriation of the returns on their efforts—would be congenial to the most orthodox economist.  Or it could be that self discovery is both central to development and difficult to accomplish, but that the difficulty has to do much less with problems of appropriation than of coordination:  for example, supplying industry-specific public or club goods, such as technical assistance in meeting phytosanitary requirements, that the actors need, but (because of collective problems) do not supply themselves. In that case heuristic and analytics would be (more) consistent, and both would be, in the broad sense intended here, heterodox:  Economists are not accustomed to think that the response to market failure is the construction of an institution to provide club goods in the form of highly specific services.   Only careful empirical research, precisely focused on testing the analytic assertions yet somehow also searching enough to bring to view—or suggest the absence of—the large features to which the heuristic points can guide us in deciding how, if at all, to put this kind of provocation to use.

Thanks to foresight in conception and thoughtful independence in execution the research project on “the emergence of new successful exports in Latin America,” whose results are presented in the following chapters, manages to do both at once.  As its title indicates, the project was conceived as an exploratory test of the claim that impediments to self discovery play an important role in the process of development. Research teams in each participating country were asked to identify leading examples of new export activities, and reconstruct in detail the problems on the way to success, and how they were overcome. A new activity involved a good “that was not produced two decades ago (even for the domestic market) but has recently emerged and experienced strong growth, going from basically zero to becoming a ‘major’ export.”  To help ascertain barriers to the success of new activities, the research teams were also asked to consider a “counterfactual” case: a failed effort to export a good ideally identical in all ways but one to a product that was successfully exported, and revealing, in this difference, a (possibly general) constraint on self discovery. Identification of candidate cases required a wide and thorough review of export performance, and uncovered a great variety of products, many of which would have gone unnoticed in a conventional survey of exports:  light pleasure boats, bio-engineered vaccines and television “formats”—plot lines designed to be customized for particular markets—in Argentina, for instance. Some research teams searched more broadly still, relaxing the definition of a “new,” successful export activity to include the “re-invention” of products established on the domestic market—pork, GMO soy and regional aircraft in Brazil, for example, or wine in Chile—to make them competitive in international trade. As the authors of one of the Brazilian studies noted, this made it possible to observe whether prior knowledge of local production costs reduces the difficulties of meeting the quality and phytosanitary requirements of world markets.  Because the case studies sweep broadly while attending to the counterfactual clarification of causality, taken together they do provide an important first test of the analytic claims of self discovery argument regarding appropriability and the relevance of its heuristic claim that learning is central to development.

With what results? On my reading—and with a qualification to be considered shortly—the first finding is that problems of appropriability, while plausible given the theoretical gap between social and private returns to entrepreneurship in a laissez faire regime, emerge in the case studies as clearly secondary to problems of co-ordination in the rough and general sense of difficulties in determining what export markets will accept, and actually delivering such products. The reason is that in solving coordination problems innovators frequently mitigate problems of appropriation.  One way solutions to coordination problems reduce risks of appropriation is by creating barriers to entry, which keep imitators out. Another is by creating fluid industrial structures that offer potential rivals more to gain from specializing in complementary activities than from competing directly. We will examine both mechanisms in some detail below.   

That successful co-ordination helps address problems of appropriation does not, of course, mean that successful co-ordination is easy. A second key finding of the case studies is that it is not.  Even with regard to products with relatively short supply chains and well established, fully open markets—cut flowers, for example—the accumulation and linkage of the capacities needed for export production is arduous, and typically time consuming—often taking years, and in the case of the “re-invention” of established products, a decade or more.  The “world market” as revealed in these studies (and as the reference to particular kinds of hats and bed linens in the export baskets of Bangladesh and Pakistan reminds us) is not a market for things all the world wants, but rather an institution for connecting very particular consumers with producers specialized in the particular things those consumer (come to) demand. Simultaneously exploring what should be made and how to make it with (shifting) constellations of partners and collaborators in other firms and often with public entities, is fraught with uncertainty, as the case studies document in cogent detail. In fact essentially all the cases involve the creation of various industrial structures for generating continuing product and process innovation, not the discovery of one, viable export. In order to find at least one successful export, it is necessary to coordinate construction of an engine capable of searching among many possibilities. To continue succeeding in export markets that engine must be continuously refurbished so that it can search under changing circumstances. Self discovery, in other words, is not a single, culminating act, like sighting and taking possession of some much sought territory.  It is, rather, like the discovery of a vocation or calling, in this case for continuing exploration.   Moreover, this process of exploration seems to be the same for the development of “wholly” new exports as for the re-invention of existing products for export.  Adapting the system for producing pork for the domestic market to suit the needs of Japanese customers does not appear to be fundamentally different from entering vaccine production or cultivating new fruits for export. It will never occur to a reader of these studies that export success results automatically from the combination of good institutions and foreign technology.  Neither will it occur to the reader that export success, once obtained, is self-perpetuating. The Hayekian view of economic decision making as depending on the continuing fusion of general knowledge of prices and local knowledge and the Austrian emphasis on entrepreneurship will, on the contrary, seem nearly self evident.  In this sense the studies fully support the heuristic value of self discovery.

These two findings point towards a preliminary policy conclusion whose thrust differs from the one suggested by the initial formulation of the self-discovery idea.  The emphasis on problems of imitation and appropriation in the Hausmann-Rodrik view led naturally, we saw, to the idea of protecting investments in entrepreneurship in developing countries by some analogue to the patent protection afforded inventors in the advanced economies.  But to the extent that the central problems of self-discovery concern coordination, not appropriation, this suggestion may be misplaced.  Very generally speaking the policy response to coordination problems is industrial policy, understood broadly as the ensemble of public supports, ranging from agricultural and industrial extension services, to publicly supported research to venture financing arrangements which make it easier for entrepreneurs to locate and collaborate with the public and private partners they need to define and execute their projects. There are important traces of such policies in the cases of Brazilian GMO soy and aircraft, and in animal vaccines in Uruguay, as well as wine in Argentina and Chile; and current research on the development of new products in Latin America underscores the importance of this kind of intervention.  Notice that such policies have an analogue in the advanced economies too, where they are typically referred to not as industrial policies but as measures to support innovation. That innovation policies, or, more grandly, national systems of innovation, are commonly regarded as necessary complements to patent regimes is an indication that the coordination problems inherent in self discovery persist, and require systematic attention, even when problems of appropriation are addressed either by explicit policy or in the course of solving other problems (Fong, 2000).

Still, this conclusion remains tentative, not least because of the qualification to the findings alluded to above.  As Hausmann and Rodrik anticipated, it is hard, for two reasons, to test their key assertion concerning the importance of appropriation.  The first is that in cases where problems of appropriation do doom an export activity, the failure leaves few traces, and no direct ones in a sample of successful, new exports.  The presence of the cause, in other words, skews the evidence in ways that misleadingly suggest its absence.  The second reason is that where problems of appropriation are especially serious, the only successful exporters will be those who have managed to protect themselves against imitation, for example by devising technologies or differentiated products that are hard to imitate—or both, as we will find in many of the case studies. “After all,” Hausmann and Rodrik write, “a direct implication of our argument is that only investments that provide such protection will be undertaken in equilibrium.” Here the effects—successful adaptations to the problem of appropriation—misleadingly suggest the irrelevance of the difficulties to which they are a response. The attention to counterfactual cases, and the level of detail achieved in the case studies, goes some way towards attenuating the problem of a censured sample: If problems of appropriation are pervasive, we expect that they will frequently play a role in explaining near successes and near failures.  But the qualification remains, and it is hard to know, in the absence of near experimental research that we are unlikely to obtain in this domain, how we can come by empirical evidence to evaluate its significance.  

Still, additional reflection suggests that these confounding effects—by which causes work in ways that cover up their own tracks—are unlikely to be severe when self discovery is a serious and general problem.  We saw that self-discovery is problematic, and an obstacle to development, only when foresight is too limited to permit rational expectations. With limited foresight agents will not be able to avoid miscalculations about the imitability of their actions, any more than they can avoid miscalculations in estimating production costs.  So if appropriability (as contrasted with coordination) really is a central problem in such a limited-foresight, self-discovery world, there should be cases where first movers are surprised and overcome by imitators, and other cases where they are surprised but beat back the followers. There is some, but not much of that in the case studies, suggesting again that the problems of discovery new exports have more to do with coordination than appropriability.  
But we are hardly out of the methodological woods yet. We could just as reasonably make the contrary assumption that the risks of imitation are easier to anticipate correctly than other aspects of self-discovery. Estimating them, after all, involves local knowledge—expectations about what your friends and colleagues will do, rather than guesses about the response of distant others. In that case the sample will still be censured in a way that conceals important information, and leaves the findings as inconclusive as before. This guessing game about what is reasonable for entrepreneurs to expect can of course be extended, but it will remain inconclusive.

To side step this kind of methodological problem we will assume, on the evidence presented in the cases rather than conjectures about evidence that they might have missed, that the solution to the appropriation problems of self discovery is a by-product of solution to the coordination problems, and focus on the discussion of the latter. This leaves open the question of just what burden, if any, appropriability by itself imposes on self-discovery.  But it has the great advantage of allowing us to focus on what we can learn from the case studies rather than on what we cannot.   The next section of the essay, Part 2, details the links between industrial organization as a solution to the coordination problem, and the one side, and barriers to approbiability, on the other.  It groups the cases under three organizational rubrics: clusters, or groups of small and medium-size firms that both compete and collaborate with each other to produce a range of specialized products; platforms, in which complex and changing subsystems are linked by a common architecture or operating system (the platform); and large, traditional, and vertically integrated firms that are adopting some form of Toyoda-style, lean production to obtain economies of scope as well as scale. Each of these is seen to address the problem of coordination in a characteristic way, and to create correspondingly specific barriers to appropriability. 
The distinctions are, of course, analytic. In practice various types of industrial organization can overlap and co-occur.  The software cluster in Uruguay, for example, groups a number of firms which are themselves platform producers, while the underwear and swimwear cluster in Columbia includes firms that vertically integrate several stages of production while organizing others as subcontracting systems that could well develop into platforms. For our purposes it is simply important to note that this fluidity of forms creates additional possibilities for individual producers to find places suited to their (changing) capacities in complex production systems. None of these forms, moreover, is typical of, much less limited to, developing countries.  On the contrary, platform and cluster production are widely thought to provide flexibility and agility in responding to shifting markets that give them competitive advantages today over the vertically integrated firm—which is one of the reasons that vertically integrated firms are moving in the direction of lean production.  A significant contribution of the research project on new exports is thus to begin documenting just how adaptively “modern” the industrial structures emerging in Latin America are coming to be.

Part 3 looks at the exceptional cases where industrial policies—particularly agricultural extension services but also support for platform building in aircraft production—played an important part in the discovery of new exports. These cases are in a sense historical accidents: the relevant policies were put in place in the 1960s or earlier, well before the period surveyed in the project begins, and also before enthusiasm for the laissez-faire policies associated with the Washington Consensus severely restricted possibilities for new initiatives directly aimed at supporting particular economic activities (rather than improving the investment climate or the functioning of, say, financial markets).  The survival of some of the early industrial policies, and their manifest contribution to significant innovative activity provides important clues about the kinds of public interventions that can help private actors address the coordination problems associated with self-discovery. Part 4 connects the discussion of self-discovery and the broader problem of the diversification of exports to the earlier debate in Latin America, associated with Raúl Prebisch, regarding the possibility of structural limits on development rooted in the division of labor between advanced and developing economies.   It suggests, on the basis of the study’s findings, that the developmental contribution of (re-invented) primary goods to the fundamental task of diversifying, and augmenting the capacities of an economy is not as inherently limited as the structuralists took it to be. It asks, provocatively, whether an important avenue of Latin American progress could lie in the productive interchange between agriculture, industry and science that proved a path to growth in countries such as Denmark, Finland and Malaysia in the last century.
2. How the Solution to Coordination Problems Mitigates Approriation Problems in Clusters, Platforms and Vertically Integrated Firms

Clusters

Clusters are geographically compact agglomerations of small and medium sized firms in an industry characterized by volatile or rapidly shifting demand, all of which specialize in a particular phase of production or a production process.   Finished goods are produced by groups of firms collaborating in rapidly shifting constellations.
  By recombining and thereby augmenting fragmented, specialized, and local knowledge, a multiplicity of cooperative firms in a cluster adapts rapidly to changes in the economic environment.  Agglomeration—clustering--results from positive returns or network affects arising from two sources:  First, the more firms with complementary capacities in a locale, the more attractive that locale becomes for suppliers of inputs used by all but too specialized and costly for any one firm to provide; and the improvement in supply conditions in turn attracts new firms producers of end and intermediate products. In this way growth (up to some limit) of the agglomeration reduces of the production costs of its individual components. Second, the greater the number of firms (again up to some limit) the more likely each will find complementary collaborators—with the same result. Clusters of this kind played an important role in the industrialization of parts of Europe and the United States from the late 18th century onwards (Sabel & Zeitlin, 1997). Variants are common in more recent industrializers ranging from Japan to Taiwan to Brazil to Kenya, and in the development of Silicon Valley.
  Since the turbulence in the markets for mass produced goods in the mid-1980s made valuable the ease with which clustered firms could recombine as conditions changed, clusters are a microcosm of the “new” economy, able to prosper in much more volatile conditions than the vertically integrated large corporation.

If self-discovery is threatened by appropriation problems, it seems at first blush that this threat will be most acute, and most easily observable, in clusters.  Clusters originate, after all, in acts of self discovery that combine strategic search and serendipity in ways that can seldom be kept private for long:  An enterprising spirit in a village with a tradition, we might imagine, of weaving straw baskets sees straw hats are all the rage in the city, and thinks of entering that market; or an urban manufacturer of straw hats comes upon that same village in search of additional, low-cost production capacity; or the two cross paths, recognize a kinship, and join forces.  However exactly maker and market are provisionally connected, there ensues a period of exploration and problem solving in which the incipient project is unavoidably disclosed to a broader public.  Working straw for hats is different from working straw for baskets, so consultation is required with those who select and prepare straw for weaving, and supply lacquers for finishing. Protective containers have to be configured for shipping. Fashion is particularly fickle until the maker knows whose lead to follow, or finds agents who do.  But the problems, once solved, prove to have simple and therefore easily imitable solutions.  So, in the spirit of the original Hausmann-Rodrik conjecture, imitators quickly enter the market, first locally, then from similar locales, and prices fall, depriving the innovators of the fruits of their efforts and expense.  But only impetuous or arrogantly over-confident entrepreneurs suffer this fate. More cautious or modest souls see the danger coming and abandon the effort at self discovery before they are out of pocket. 

Though the literature on agglomerations is full of tales of initial self-discovery as fanciful as the one just imagined, it tells a consistently different story insofar as problems of appropriability are concerned.  The first and perhaps most familiar finding, suggested above, is that agglomeration protects any one cluster outside external competitors by making possible the provision of specialized inputs at prices below those available to less clustered producers—and indeed in some cases by making possible provision of inputs so specialized that they would not be otherwise available at all. The greater the number of, say, avocado producers in a given area, the greater the chances that a firm will find it profitable to produce packaging especially suited to shipping avocados, and the proximity of the supplier numerous and demanding customers will help ensure that the latter benefit before more distant competitors from improvements in the quality or reductions in the price of the input.   Relatedly, the larger the number of specialized firms in an agglomeration, the more feasible it becomes for them to share the costs of jointly providing some services, such as courses for training skilled workers on particular machines or engineers to use a new software package, which no one firm is large enough to finance itself.  Once a cluster is established, learn rapidly from one another’s successes and failures, reducing—but not, as we will see, by no means eliminating—the risk that the cluster will be taken unawareness by a change in technology, taste or other market condition.
With regard to appropriability problems within a single cluster or  agglomeration the same literature suggests that every local production system includes a range of complementary places-- subcontractor specialized in the use of certain machines or processes, product integrator (who prepares samples or builds proto-types and contracts with specialists to produce the goods that customers turn out to demand), capital goods supplier--such that firms and individuals who lose their footing in one activity or line of business can regain it another. The machinist becomes an independent subcontractor specializing in a process, then a maker of specialized components, then the designer of a new product, then a subcontractor again. The blueberry grower becomes a distributor of seedlings or the operator of cold-storage facilities. Indeed these transitions are regarded as so commonplace and natural that they are incorporated into individual career plans and the strategies of firms.  The machinist expects to go into business for herself, starting as a subcontractor, and her current employer—well aware of this ambition—finances her purchase of (his) used machines, in the expectation that she will be a reliable subcontractor and remain a good collaborator as her business expands.  Put another way, the greater the number of potential competitors the greater the chances that each can work for others if she loses her current market.

A third and more circuitous way in which agglomeration creates barriers to appropriability both for clusters as a whole and for individual firms within them is by encouraging the formation of trade or industry associations and, at their urging, the provision by local, regional and sometimes national authorities of industry-specific or local public goods:  technical schools with an emphasis on the locally relevant engineering disciplines or skilled trades, special cargo flights for highly perishable goods, waste treatment facilities, materials testing laboratories, phytosanitary rules that conform with international standards and technical help in implementing them, and the like. All of these must be suited to the needs of a particular cluster if they are to be of any use at all. All are beyond the means of any single firm or small consortium. All are closely regulated and in some cases can only be provided by government.  Because of this combination of features private firms within from outside the cluster are unlikely to market these services. It is, on the contrary, conventionally the responsibility of government to do so: These are, after all, public goods, even if the public is local, rather than national.  But without the direction of a well informed public—the firms that actually have need of the services—government will not know what to provide.  The forms of everyday cooperation that arise within local production systems—the types of complementary relations by which they grow—facilitate the emergence of associations which indentify this class of problem and press its solution.  Once provided, of course, the local public goods further protect the cluster and its component firms against appropriation by outsiders—and by new entrants to the cluster itself who do not belong to the relevant associations and public bodies. 
The development of Colombia export floriculture—beginning in the 1960s with carnations and chrysanthemums and later expanding to roses, pompoms, estatice, gypsophilia, astromelia, gerbera, miniature carnations, daisies, and lilies—closely follows this sequence of discovery of market possibility, initial, frantic problem-solving and diffusion, and then, as part and parcel of this, a differentiating resolution of coordination problems that in turn creates barriers to appropriablility and helps stabilize the cluster and industry.  The rich detail of the case makes it particularly useful as both an illustration of the inherent complexity and difficulty of self-discovery, and of the general view of cluster evolution just presented. Its findings are amply confirmed by those in analogous settings in Ecuador, Brazil, and Chile, although we will not review these cases, and yet others like them included in the study, in detail.

Self-discovery in the Colombian export floriculture originated principally in the search by US flower growers for production locations with more intense sunlight, more moderate temperatures and lower labor and heating costs that in the Northeast of the US, where the growers had clustered in the 1940s to be close to their chief urban markets. As air transportation developed in the following decade, production of carnations and chrysanthemums shifted to California, Colorado, and Florida, where costs were generally lower, although limited luminosity and temperature fluctuations remained expensive problems. The industry therefore encouraged research into still more favorable, if more distant locations. In 1966, David Cheever, then a graduate student at Colorado State University, indentified Sabana de Bogotá as the all-things-considered, ideal location for growing carnations for export to the US. In general he found the areas around Bogotá and Antioquia had an unmatched combination of fertile, cheap soil, flat topography, adequate temperatures and luminosity in all seasons, cheap (female) labor and favorable logistics that would permit high quality production year round (especially in Winter when holiday demand in the US was high, but so too were production costs) with inexpensive, wood and plastic greenhouses (not glass as in the US) that required no expensive heating, cooling or artificial light.  Cheever was not alone. In the same period a Colombian floriculturist learned to produce flowers at an industrial scale for the same purpose, and Cheever’s findings further stimulated domestic interest in export.

But in the event it was Cheever, with three US partners, who in 1969 founded Floramérica, the firm that demonstrated the highly profitable feasibility of exporting flowers to the US and helped diffuse its practices to what became a large domestic industry.   Floramérica’s success depended on adapting US floriculture technology to Colombian conditions in many ways.   First, the company imported rootstocks to get flower varieties that could be planted at optimal times and yielded desirable colors. Second, it built abutting greenhouses, as in the US, eliminating the separation common in Colombia (and thus conserving productive land and facilitating maintenance of adequate temperatures), and introduced more efficiently sized placed sheeting for covering the structures. Third, from the beginning, Floramérica established a wholly owned importer-distributor in Miami to ensure control over sales and distribution in the US. Responding to information gathered from this and other sources, the company altered its products to distinguish them on the US market. As wholesalers wanted very high quality flowers, Floramérica created a new, “selected” grade, with extra-long stems. Again in response to wholesalers’ suggestions, the company packed assortments of flowers with seasonal colors in small boxes. Fourth, the company introduced the then-standard forms US work organization, including hierarchically organized, specialized departments, under the direction of managers with correspondingly specialized training.  

Even as Floramérica was adaptively importing the US production model, it was grappling with unforeseen problems arising from the local context. Plant nutrition proved problematic, for instance, because Colombia soil is poor in boron, which is essential for carnations. The solution was to apply magnesium and calcium in great quantity.   Plant diseases, some imported with the new rootstocks, were also a threat, brought under control with help of Israeli consultants hired for months at a time. Poor water quality was yet another problem. On one occasion, the UK barred flowers from Colombia because worms had been introduced into the flower boxes through impure water. Floramérica responded with dry packing, and so on. 

As the account of self discovery and agglomeration above would lead us to expect, Floramérica’s model, although it required substantial investment in greenhouse construction, rootstock methods, packing, training, and distribution, diffused to many domestic firms almost as soon as it was put in place. Floramérica´s staff was often hired by Colombian companies. David Cheever himself left the firm 1971 and became an independent technical consultant to many Colombian companies. At the same time two members of Floramérica´s importer and distributor in Miami left to create their own flower brokerage. Pesticide vendors in Colombia passed on what they learned from one customer to others. In short, the channels of diffusion were endless. “Secrets” were moreover easy to steal, for example by taking pictures of greenhouses; and the proprietors of at least one extremely successful competitor were convinced to enter the business in part because of the glimpse they snuck of a profitable future during an early morning visit to the Floramérica farm. 

Nonetheless, the absence of obstacles to appropriation of Floramérica’s innovations, far from ruing the firm, in fundamental ways increased its viability, and that of the whole industry. There were two reasons for this.  First, the size of the US flower market—where flowers were rapidly becoming an item of everyday, not luxury consumption—permitted the entrance of many enterprises without imposing losses on incumbents. Even including shipping, Colombian production costs were still 31 percent lower than costs in the US. In the early 1970s, flower growers’ profits were around 57 percent of total sales value, allowing for a 600 percent annual return on initial investment. Growth was vertiginous. In 1973—three years after Floramérica first sold flowers in Miami—Colombia exports increased by 374 percent and by 1980 the industry had become the world’s second largest exporter of flowers. In this period Floramérica became one of the major flowers exporting companies in the world, with sales in 1986 of $50 million. But whereas in 1970 Floramérica accounted for nearly all of Colombian cut flower exports, in 1986 domestic firms had increased their share of exports to over 67 percent. 
But second, and more fundamentally, diffusion was, in the words of the authors of the case study

Beneficial, as the emergence of new participants helped exporters to overcome obstacles through coordination and cooperation between them. Flower growers found that they had to combine efforts in order to achieve their goals.

This was particularly true with regard to the most urgent of all the common problems facing the nascent industry—organizing reliable transportation of the flowers to their export destinations.  Searching for an answer to the transportation question the producers founded Asocolflores, an industry association. Asocolflores in turn organized coordinated solutions to a range of subsequent problems and in this way “shaped the sector’s operation.”

Take first transportation. At the time of the first exports Colombia had few airlines and each of these had only a few, old planes, transporting cargo domestically, with only a few flights to the Caribbean. Avianca, the major Colombian carrier, was initially un-responsive to the exporters’ needs. New entrants appeared, some with the backing of Floramérica and Flores de los Andes, but they lacked the necessary financing or equipment and soon failed or faltered.  Amidst this confusion the exporters in 1970 created Colflores, whose 11 members became Asocolflores three years later. They were well aware that even the largest firms could not provide enough cargo to fill whole flights, and that joint shipments had to be carefully coordinated (with regard, for example, to box size.)  After some false starts, including a failed effort to charter a cargo flight from Equador, the Association secured more cooperation from Avianca and helped induce other airlines to begin scheduled operations to Colombia, eliminating the transportation bottleneck to the US. 

This initial success led to further collective challenges. Almost as soon as exports started to grow in the 1970s, Asocolflores had to defend the Colombian exporters’ access to the US market. US growers, organized in the Society of American Flower Growers, claimed their Colombian competitors were receiving illegal benefits and subsidies, and asked the US government to impose a countervailing duty in an amount equivalent to the alleged benefits.  Asocolflores responded by entering an agreement with the US Department of Commerce to promote domestic flower consumption, with the intent of enlarging the market for all producers, and by promoting the creation of the Florida Importers Association, an independent American entity inclined to protect the interests of foreign growers in the United States. The Importers Association later helped the Colombian exporters to defend themselves again a dumping suit and respond to the imposition of phytosanitary restrictions.  Asocolflores is now permanently present in Washington, and is a recognized interlocutor of the US regulatory authorities and Congress.

Finally, and again as the literature on cooperative problem solving in clusters would suggest, Asocolflores has also supported research plant development and disease control for the industry. The Association cooperates with government entities (ICA) and Colombian and international universities in these tasks. In addition it has promoted the creation of courses on floriculture in 33 Colombian universities and created its own technical research department. 

Taking these developments into account, the conclusions of the case study are emphatic: 

It is remarkable how local producers and exporters have managed to overcome obstacles and coordination problems faced since the beginning of the exporting process…. Indeed, the need for coordination and combined efforts to overcome obstacles…in an extremely profitable industry favored a rapid diffusion process. … It is worth noting that the early stages of exporting diffusion were extremely beneficial for pioneers and for the rapid development of the exporting activity. Moreover, it was desirable and even necessary as it solved coordination problems.

Nonetheless, the industry has not been completely invulnerable to problems of overexpansion. At times the high rents and low barriers to entry have attracted new entrants, some “without knowledge of flowers or the cultivation of any perishable good,” whose activities have damaged the market as a whole. An influx of carnation producers in the early 1990s may have provoked a crisis of this kind. Of course no industry, apparently regardless of its barriers to entry, is permanently proof against bubble phenomena of this kind. And in some cases—blueberries in Argentina is the leading example in the project—fluctuations in yields (in the blueberry case because of differences in soil quality) and market prices (reflecting largely unpredictable changes in the supply of fruit that counts as “fresh” at any moment) diffusion creates more turmoil than observed here.  But in no case included in the project did diffusion to a cluster of producers destroy the nascent industry as a whole or even foreclose lucrative development paths for pioneers, even if the latter—unlike Floramérica—did not take them.  On the contrary, the Colombian experience of the clustering diffusion of self-discovery as beneficial for the ”rapid development of the exporting activity” and “desirable and even necessary” as a means of solving coordination problems is echoed in the other cases in the project.

Of these the one most closely related floriculture in Colombia is floriculture in Ecuador, where exports (mainly roses, followed by Baby Breath or Gypsophilia) went from just over $ .5 million dollars in 1984 to more than $ 400 million dollars in 2006. Indeed, with respect to the relation between diffusion of production techniques and the solution of coordination problems the two cases are so closely intertwined that it best to treat them, as the authors of both case studies do, as parts of a single whole. This is because efforts to establish floriculture exports in Ecuador failed in the 1960s, but succeeded in the 1980s because in the second period, but not the first, individual Ecuadorian producers could draw on resources created by the successful coordination of Colombia producers, and thanks in part to this help, also address a crucial collective problem of their own.

Thus Agroflora, the pioneer firm in the successful re-launch of the industry in the 1980s

overcame some coordination problems in part due to the existence of a well-developed flower sector in Colombia. It used Colombian producers’ previous experience to obtain technical assistance through a partnership, and it imported basic supplies from Colombia that were not available in Ecuador, like fertilizers and plastic films for greenhouses...Agroflora was able to develop without the need to coordinate with other local producers, which was a prerequisite for the Colombian discovery. Once the industry grew, the availability of flower inputs considerably facilitated diffusion without the need for coordination with, or even acknowledgment by, the pioneer. 

In the context of this “invisible” support from the Colombian industry, Ecuadoran firms could overcome constraints that had proved insurmountable before, and motivated by these successes they could begin to address, together, a crucial problem of transportation  infrastructure that had seemed to doom their earlier efforts.  As in Colombia the solution was found by collective action through a growers’ association; as in Colombia, “diffusion was useful because it allowed collective action, and the role of state was crucial in providing an input that markets did not.”
Whereas cooperation is relatively formalized in industry associations in the floriculture cases, the example of the cluster of furniture makers in São Bento do Sul, in the state of Santa Catarina, Brasil, shows that diffusion of practices within a cluster can address coordination problems by less formal means. São Bento do Sul is the largest exporter of furniture in the country, with 43 percent of all Brazilian exports of furniture in 2005. Many firms in São Bento do Sul export more than 80 percent of their production, and one, Artefama, has long been  the largest individual exporter of home furniture in Brazil. About 80 percent of the cluster’s output is home furniture in solid pine. 

São Bento do Sul is an area of Austrian and German immigration, and the immigrants lacked, or lost in migration, any tradition of associationalism.  An historic rivalry among Italian and German-speaking immigrants in Brasil cuts the area off from the forms of organized cooperation common in Italian clusters.   As a result, the São Bento do Sul cluster is generally viewed as closed and the “level of associativism is also considered low” in comparison to other centers of production in Brazil. Interviews made it clear that “firms in the cluster did not value formal mechanisms of coordination, such as syndicates or associations,” although this rejection of association was itself “actually reported as a negative characteristic” of the cluster.
Nonetheless, because of spin-offs, and the circulation of employees and with them ideas and practices, the general ease of communication facilitated by a common culture, the authors of the case study find that São Bento do Sul can be described as “one single unit” or “a constellation of similar firms.” With few exceptions imitators followed the lead of the pioneer, exporting to the same markets and shifting from one market to another and changes in demand dictated.  Thus in the early 1980s they exported to Germany and other Western European countries, expanded to the US in mid-1980s as Germans buyers sourced furniture from East Germany, increased exports again to Germany during the Balkans War, and later—and finally in response to a study undertaken by the industry association—redoubled efforts in the US. 

In general, although organized cooperation was the exception, not the rule, the study found that coordination through informal spillovers was pervasive:
Although joint actions were not common, communication flows were high and isomorphic behavior was the rule, not the exception. Competition and cooperation seemed to coexist side by side in the cluster. The diffusion process also took place because Zipperer and Artefama [the two lead firms, CFS], although unwillingly, supplied skilled workers to fulfill the needs of other firms in the region, and stimulated the appearance of new entrepreneurs among their own employees...Spillovers identified in this case were typically horizontal and intra-industry, that is, among competitors, but there were also vertical spillovers, among firms in the supply chain. Technological spillovers seemed to be mainly positive. They include raised productivity of imitators due to improvement in the management of pine wood forests by wood suppliers, or better quality accessories by suppliers of parts. Training effects were identified, as part of the spin-off process, as well as by means of FETEP, the research and training foundation established and funded by the city and local businessmen. Marketing spillovers could also be identified. They included the transfer of knowledge on exporting and the easier access to export markets, including the access to export agents and distributors that operated in the cluster.

In sharp contrast to the informality of São Bento do Sul, Hass avocado production in Michoacán, Mexico illustrates the case where neighborhood effects—the need for each producer to take into account the actions of adjacent ones in addressing her own problems—leads not only to the formal organization cooperation, but to legal requirements for doing so.  The decisive problem in relation to Mexico avocado growing is pests, in particular weevils of various types. These threaten not only the crop in Michoacán, but also the agriculture in export markets—here the US. Under these circumstances protective measures must be locally coordinated if they are to be effective.  Treatment in one orchard is plainly useless unless pests are likewise eliminated from adjoining ones.  Otherwise re-infestation is inevitable.  As a single, uncooperative producer (hoping, perhaps, to free ride on the exertions of the others) can undo the joint effort, the solution is a law requiring all to act together.  As importing countries for a familiar mixture of motives (protection of domestic crops and protection against foreign growers) will insist on highly credible assurances of pest eradication, the pressure for legal coordination will be almost irresistible.

And Mexico, no doubt convinced of the need for action and pressed to act regardless of its convictions, has indeed enacted phytosanitary regulation to address such neighborhood effects.  The chief instrument is a system of Juntas Locales de Sanidad Vegetal (JLSV) or local plant health boards that operate as auxiliary an organization of the Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación (SAGARPA) These boards are composed of local growers. Decisions are by consensus or majority vote. They have a technical staff that assists growers to meet phytosanitary norms, for example by giving advice on sampling procedures or responses to the presence of pests of quarantine interest. The technical staff also supervises the use of authorized insecticides and monitor the overall cleanliness of orchards. A representative from each local board serves on a state committee—Comité Estatal de Sanidad Vegetal—under the supervision of the relevant public officials from the state level.

In sum, as the literature on clusters suggests, the benefits of agglomeration or positive externalities to firms outweighs—indeed swamps—the costs to them of their neighbors’ ability to learn from, and at least partially appropriate the returns to their innovations. Indeed, treating agglomeration and platform building as related forms of organization in that both involve information pooling and close, flexible collaboration among firms with highly complementary specialties, it is only a slight exaggeration to say that the discovery of new exports is fundamentally a story about the building of new clusters, and the agglomeration effects they produce.

But if the positive externalities of clustering are a key part of many new export discoveries, they are certainly not the whole story. If they were, then once a cluster succeeded the cumulative advantages of agglomeration would make it forever successful. But it is clear from the historical record and from current experience that clusters in general are vulnerable to competitive challenges and both abrupt and long-term changes in market conditions, and that clusters in developing countries may be especially susceptible to some kinds of disruption.

Perhaps the greatest threat to clusters, as to large firms, lies in the hidden costs of incumbency:  Successful clusters, like successful multinationals, can easily become the prisoner of their success, assuming that the way forward is to improve on what is already working. This assumption and the inertia it produces affords potential competitors the chance to develop apparently irrelevant or inferior technologies until some combination technical progress and change in market conditions enables them to challenge established players.  The same mimicry that facilitates learning in clusters can open the way to groupthink, and complacency about large, distant problems that is all the more dangerous because it is masked by acute concern about many small, present ones. 

In addition, the very informality of clusters, and their reliance on often tacit, craft skills—both of which traditionally contribute to the ease of reconfiguring production arrangements—can pose problems when, as today, increasingly stringent quality standards and rapid changes in technology require firms to master (and often to be certified as having mastered) clearly articulated protocols for joint problem solving. Clusters can master these collaborative disciplines, but until they do they are at the mercy of competitors who have beat them to the punch, and can meet needs of demanding partners in world markets. Finally, clusters in developing economies, typically far from the consumers, and centers of design in the most advanced countries, and therefore largely dependent for the specifications of their products on the customers they supply, are especially vulnerable to abrupt market changes, above all the entry of low-cost competitors who can consistently underbid in contests for supply contracts.

There is evidence of all these vulnerabilities in the experiences reported in the case studies. Developments in the furniture cluster of São Bento do Sul are especially dramatic.  The cluster was unprepared for the entry of low-cost, Chinese competitors, the appreciation of the reais (from 2004 to 2008 the exchange rate declined from roughly 2.6 to 1.7 reais per dollar), and then, like the entire world, taken completely by surprise by the global financial crisis. Exports fell 22.6 percent in 2006, the year before the crisis, and additional 9.6 percent in 2007. Between 2005 and 2007 the number of firms in the São Bento do Sul cluster fell from 403 to 315, and the area’s population declined by almost 6 percent.

The initial reactions the these shocks was a clutch of short-term expedients: layoffs, reductions in hours, temporary shut-downs, cuts in investment, all seconded by state and then federal tax reductions and energy subsidies. As the ineffectiveness of these measures and the deep causes of the crisis—high costs, lack of design and marketing capacities—have become clear, groups of firms and in some cases the cluster as a whole have begun to undertake long-term adjustments: creating low-priced product lines and a joint brand (Biomóvel) to serve the domestic market (expanding because of strong growth and state subsidies to low-cost housing); cost reduction by shifting to lean production and other means, including reorganizing supply chains and renegotiating collective bargaining agreements. A few firms have pursued a strategy of increasing product differentiation, in part by using new types of wood as substitutes for pine. 
But it will take time for this ensemble of strategies to work, if they do. While the increase in domestic demand has allowed the situation in the cluster to stabilize, and many bankrupt firms to reorganize, there are no clear prospects of a general recovery or (with the currency at its current highs) a renewal of exports. The conclusion of the study is sobering, but hardly resigned: 
The present crisis at the São Bento do Sul furniture cluster will certainly have a major impact in its future. Once the old path became obviously impossible, firms in the cluster needed to find a new model. Up to this point, the leading firms in the cluster have not found one. But crises are often triggers for change... The destiny of the São Bento do Sul cluster is yet to be written.
The Chilean wine cluster, though still prosperous, may be on the verge of stagnation, if not a crisis. Since 1999 the prices per unit volume commanded in world markets by Chilean wine have declined.  The wine producers have absorbed modern, steel-vat production technology from more advanced regions, along with techniques for quality assurance and marketing. But the industry is apparently stuck in a market niche (“good value for money”), in which competition is intensifying. To outrun the competition, or at least keep pace with it, the Chilean industry will have to improve and differentiate its products, for example by reducing their high alcohol content, improving aroma and introducing new blends – and then positioning the distinctive products in higher price niches. This will require increased collaboration within the industry, and between industry and the public sector.  The authors of the case study are blunt, even peremptory in their judgment:
Expenditure on R&D is crucial for the next stage of Chilean wine development.…This new stage will require the collaboration of the industry and the public sector. The supports to R&D by the government have been well-intentioned, but the amounts of financing are too feeble to have an impact on an industry that sells almost US$1.5 billion on international markets. A new tax deduction of 35 percent of R&D expenditures when undertaken with universities or research centers has proven too cumbersome to use effectively. It is time that the government and the industry understood that the future lies in product improvement, successful product differentiation, and product recognition at the level of the consumer.
The situation of the Michoacán avocado producers is more ambiguous. On the one hand the industry is highly profitable; short-term prospects are excellent and medium-term prospects are good, though meeting the Eurogap standards required for exporting to the EU may strain the current capacities of the JLSV and Committees of Sanidad Vegetal. In the long term, however, Michoacán growers may face risks from new, highly efficient entrants such as Chile, South Africa, Perú, Australia, and New Zealand, and as the literature on the limits of incumbency never ties of repeating, those risks may be especially perilous because, currently remote, they are all too easily underestimated.  
The long-term threat to Michoacán growers, if there is on, would most likely come from a form of high-yield, high-density cultivation currently best practiced in Perú.  Peruvian avocado plantations attain average yields of 26-30 tons/ha., and the most efficient producers achieve 40 ton/ha. In the Michoacán yields average 10-15 tons/ ha, and the best results reach 30 ton/ha. The superior yield results from denser planting. In traditional cultivation there are about 100 avocado trees per ha. Perfecting techniques developed in South Africa, the Peruvians plant 830 trees per ha. This more intense cultivation taxes managerial capacity: The trees must be irrigated 7 times daily with a nutrient broth, and pruned much more frequently and precisely than is traditional.  Pruning must be much more frequent and precise. Packing the trees so densely, and pushing their productivity to genetic limits greatly increases the risks of new plant diseases and pests, and so the demand for countermeasures. Peruvian producers have the resources and experience to meet these challenges because they are vertically integrated, quite large, and diversified (they produce, pack, process and market several products, including avocados). 
Despite their small plots (in Perú the average orchard size is 100 ha., in Michoacán, little more than a tenth of that) Mexican growers could conceivably adopt dense cultivation. Cooperatives and other forms of co-operation developed to meet export requirement could be extended to accommodate denser planting.  But the current organization and market circumstances of the industry create disincentives, at least in the short- to medium-term to taking the risks associated with intensive cultivation.  But profits in the industry are currently so high—annual returns on investments range from 75 to 500 percent—that there is little appetite for large, risky investments in replanting trees and waiting several years before they begin to produce. “Why complicate life?” is the growers’ understandable response to the question of why they do not emulate the Peruvian example, or even, for that matter, increase their very modes expenditures R&D. Whether this preference for simplicity is an adequate response to a remote threat awaits to be seen.

But these vulnerabilities, with the (partial) exception of dependence on distant design capacities, are, to repeat, common to clusters in advanced and developing countries, not a feature of new clusters or clusters only in developing economies.  Thus Italian clusters, producing goods as diverse as ceramic tiles, high-end textiles and apparel, and the capital goods for these and many other industries, have been for the past decade under the kind of pressure from Chinese and other new competitors that São Bento do Sul has experienced in the last years, and they have responded in similar (if more fully elaborated and therefore often more successful) ways: adopting more explicit forms of collaboration with partners to increase efficiency, meet new quality standards, and above, all facilitate co-development of distinct, often innovative products (Chiarvesio, DiMaria & Michelli, 2010) .
  Doing this, successful clusters, in Italy and elsewhere, are taking on some of the collaborative features typical of platform production, and heightening barriers to appropriability even as they augment their capacity to solve coordination problem. 
Platforms

In platform production, the performance of the product depends on the performance of a series of independently produced and rapidly developing subsystems—microprocessor, web browser, media players, and other applications in the case of an operating system; digital signal processor, radios, and antennas for various frequencies in the case of a cell phone; wings, engines, and fuselage in the case of planes (Gawer & Cusumano, 2002).  The performance of each of these subsystems depends conversely on the performance of the others, as transmitted through the architecture---the platform---linking them all.  

In each case, the platform owner---the operating system developer, the cell phone maker, or the airframe producer---knows that it could not possibly produce all or even most of the components or applications whose interplay creates the platform.  In particular, the producer could not develop or sustain the capacity for cutting edge innovation in all the areas necessary for the various components.  Collaboration with groups of key technology suppliers, involving continuing mutual adjustment and exchange of quintessentially proprietary knowledge becomes the norm.
  Thus, the recent emergence of a literature on platform industries and the forms of predation that tempt platform owners attests to the diffusion of enduring (though sometimes fraught) cooperation across firm boundaries.
 

 ARTech Consultores S.R.L., an Uruguayan maker of software tools for configuring relational data bases and their applications, is a strikingly successful example of a platform producer: On the one hand it supplies a richly featured application to the suppliers of general-purpose computer operating systems such as Microsoft and IBM. On the other it supplies its end users—firms in financial services, health and many other sectors—a platform that itself integrates many software tools so as to allow not just intuitive, high-level programming of data bases, but rapid creation of applications that interact with them. To manage this two-sided problem the firm has deliberately created a community of practice including international technology suppliers, applications developers, two levels of special-projects “solution partners” and end users.  Or, in the language of the discussion here, this community is the instrument by which firm addresses its co-ordination problems; and the very existence of the community in turn creates (together with, but perhaps even more than intellectual property rights) the barriers to appropriability to ensure the firm’s prosperity. Only recently has the government begun to explicitly support this strategy on behalf of the software sector as a whole.  The authors of the case study present the software maker precisely in these terms, and we reprise only as much of their discussion here as is necessary to illustrate the workings of these mechanisms.  
ARTech Consultores S.R.L. was founded in 1988 by two Uruguayan computer engineers, one the former head of the computer center of the Uruguayan social security institution and the other a consultant with expertise in relational data bases. Although their original intention was to automate some aspects of data base programming, they quickly realized they could create tools for consultants to develop data-base applications more efficiently.  The first version of their GeneXus software was released at in 1989, and by 1991 ARTech had sold 350 copies of GeneXus, mostly in Latin American. Today its software is used by 4.500 firms worldwide. ARTech is privately held and does not report revenues or earning, but in 1997 it disclosed that revenues from GeneXus licenses generated $ 10 million (with 2.200 clients); and the firm at that time an additional and $ 50 million related consulting services. Exports grew now account for 85 percent of total sales. ARTech has offices in Chicago, Mexico, Sao Paulo and Shanghai and distributors in 28 countries. Since the early 90's ARTech has partnered with IBM to develop applications, initially for the latter’s then new AS400 platform; later it entered a similar relation with Microsoft. 

Since GeneXus is a (software) tool for use by other tool makers (software developers who build applications for final users) Artech has to create strong relations with the key software developers in order to eventually sell its products to customers using applications designed with them.  This is done through ARTech's Solution Partners Program, which is at the center of GeneXus community of practice. Solution Partners are de​vel​opers of GeneXus-based solutions for their own clients, with whom ARTech establishes an information exchange regime.  A developer of GeneXus-based applications who is engaged with substantial clients gets technical support, a chance to participate in beta testing and special discounts.  ARTech in exchange gets information on bugs, possibilities for improving features, or improvements in error detection. There are about 150 Solution Partners, two thirds of them in Uruguay. Within this group 10 are regarded as “level 1” partners, with whom ARTech exchanges strategic knowledge about next generation products so that tools and applications (typically for market niches such as ERP, maintenance or distribution and logistics) have the necessary complementarities. This collaboration solves immediate problems for ARTechs clients (the software developers and their clients) while helping to improve the platform: 

If a local firm –for example, a GeneXus user specialized in the development of distribution and logistics applications– has a problem in Malaysia with its beverage distribution system, we send a person, or work in Zonamerica, to solve that precise problem. And this helps us to achieve GeneXus product optimization because it shows us a shortcoming. Despite of our internal tests, with thousands of users unexpected events can appear; this is the market filter" (Interview to one of ARTech's manager). 

. 

Because ARTech has been so effective at solving its coordination problems by creating such relations, private sector organizations and the public sector have played only small roles in the development of the industry. That is now changing as all participants have come to understand the strengths and generalizability of the ARTech platform model. For one example,  several years ago the Centro de Ensayos de Software---Center of the Software Testing—was established with EU funding as a public-private consortium between the Engineering School of the public university and CUTI as a test bed for the platform and other capabiliteis of new software, and as a technological observatory. For another, in 2006, industry has applied for participation in a new governmental program, PACC (co-financed by IADB) aimed at developing the competiveness of local clusters. 

Vertical Integration in Transition to Lean Production
This category has an ungainly, composite rubric because a simpler name would be a misnomer.  These firms are in transition. They began as traditional, large and vertically integrated mass producers:  Their original success depended on achieving large economies of scale through the use of highly efficient, dedicated or process-specific equipment.  The low cost of their products—the result of the efficiencies—and the high investments in fixed capital needed to achieve it created significant barriers to entry.   But we know that economies of scale are no longer an invincible barrier to entry. If they were, General Motors would still be riding high (Lazonick, 2009). In fact, over the last decades, Japanese auto producers have demonstrated the superiority of lean or just-in-time to mass production. In lean production, work or in-process inventories are removed (that’s what makes production “lean”). Parts are thus in effect produced one at a time, and disruptions at one machine stop the whole production line—and so require that the source of the disruption be eliminated (and the production process thus improved) so that operations can resume. Building an organization that can identify and eliminate the root causes of these disruptions is equivalent to building an organization that can rapidly rebuild itself in response to unforeseen changes in its environment.  The upshot is that lean production no only increases efficiency in the production any single good by eliminating unsuspected sources of disruption and waste, but also dramatically increases the flexibility of the production set-up as a whole, making it easy to shift from one product to another.  Economies of scope are revealed to be complements, not substitutes for economies of scale. The large firms in this category in the project as those that have proved successful—often surprisingly so—at developing new exports precisely by using the new techniques of organization to indentify and respond to more differentiated and rapidly shifting demands for variants of their traditional products.

An exemplar of this type of firm is Leonisa, a Colombian manufacturer of knit underwear, brassieres, girdles, other under-garments and swimwear. Leonisa was founded in 1956 by Julio Ernesto and Joaquin Urrea. The brothers owned a successful textile mill in Medellin, and wanted to integrate forward into the production of (woven) underwear using its output. As is usual in this industry (but not in Colombia at the time), Leonia outsourced sewing and embellishing of the garments to small, household firms, working for piece rates. In part because of the flexibility in responding to changes in the level of demand that these local “maquilas” allowed, the Urreas expanded into international markets early on, setting up a plant in Costa Rica to supply Central American in 1965 countries and opening an office in Chile in 1981 to enter the Southern Cone.  By the late 1980s exports were a significant share of the firm’s output, but the export products were very low value-added (2 to 3 dollars per unit), and went mostly to neighboring Venezuela.

The company shifted strategy dramatically in 1989-1990, when, apparently inspired by the success of Spanish firms in the industry, and perhaps concerned about increasing competition from low-cost countries like China, it decided to produce higher value-added products. This meant shifting from wovens to knits (with superior elasticity), and increasing design content and sophistication so that the firm’s products could compete with French and Italian goods selling for $50 per unit. This required a technological leap—replacing looms costing $50,000 with looms costing $1 million, but able to produce elastic lace—and, more fundamentally, a greatly increased capacity to detect and respond to subtle changes in the composition of demand.  

The crucial steps in the realization of the “demand oriented” production systems were, first, a decision to focus on Latino consumers, and, second, the creation of a data collection system that linked Leonisa directly with the cash registers of chain stores, so that it had real-time access to the inventory information—sizes, colors, and so on—of products being sold.  This kind of information in turn allowed product segmentation by type of customer—women of various age groups—and occasion of use—pregnancy, sports, work, party. The company currently handles about 8,500 distinct articles or SKUs. 

To reduce production costs and increase responsiveness to demand, the firm reduced inventories in cutting, in the subsequent stages of production, and in finished goods through what it calls a  “constraint theory system:” a method, as the authors of the case study put it, which consists in “solving the main bottle necks in production one at a time until all main bottle necks are eliminated.”  This is of course lean production in other terms.  By this method Leonisa reduced inventories to  8 hours in cutting, 3 weeks in production, and 45 days in distribution, while competitors in other countries had inventories of 3 to 4 months.  In addition, to increase flexibility in responding to export order Leonisa began to apply just-in-time principles to the organization of its outsourcing network, improving its coordination with external partners and investing in training for them to increase their capacity to produce high quality work rapidly and reliably.

Because of its scale and complexity Leonisa’s full strategy has not been replicated by any competitor:  again, the solution to coordination problems creates barriers to appropriability. But there have been many spillovers, including the creation of a cohort of managers and workers with new and valuable skills in design and production, the introduction of improved design standards to the country, and the demonstration of the feasibility of a business model based on high value-added products and using a decentralized system of local maquila production to reduce the fixed investments needed for entry into export markets. 

Onda de Mar, the leading Colombian maker of swimwear, has demonstrated the effectiveness of this model: The firm began making trendy swimwear for the domestic market in 1986 but in 1999 began applying the lean disciplines to demand analysis and production management. Its fortune as an exporter was made in 2002, when, when Sports Illustrated placed one of its bikinis on the front cover of its swimsuit issue.

Examples of this type of transition abound in the cases included in the project. In the Colombian paper-products industry, for instance, Colombiana-Kimberly-Colpapel   (the result of a merger between a Kimberly Clark and Colpapel, a domestic firm) started out producing soft papers and light paper for cigarettes, shifted to sanitary products for the local market, and then, following the trajectory of Leonisa, used sophisticated demand analysis and manufacturing organization to differentiate its products according to the needs of export markets. Familia-Sancela did essentially the same, starting out in soft paper, writing and printing paper, cardboard and boxes, and shifting to highly differentiated sanitary articles. In chocolate confections, Arcor, a family-owned Argentine firm founded in 1951 achieved export success only in the 1990s, “after the development of differentiated products that were adapted to local preferences in the different markets, together with competitive prices.” Colombina S.A, founded in 1928 in Cali, as a division of Riopaila, the largest sugarcane producer of Colombia, underwent an analogous, but more gradual development: after failing in an effort to export sweets to the US in 1965, the company began a sustained process of learning about foreign markets and reorganizing production accordingly that made it an export leader from the 1980s. Or, to take a final, Brazilian, example:  Sadia, a producer of poultry and swine meat, and one of the country’s largest exporters, carefully adjusts its products to needs of various export markets, maintains tight control over the genetic stocks and feed used as inputs to its products, but uses an elaborate platform-like system of collaboration with independent poultry and hog producers to supply its slaughtering facilities.  As the authors of the case study describe it:
 

Although tight vertical coordination of the supply chain is critical, Sadia is not vertically integrated. It relies, instead, on partnerships with hog farmers, which supply the company with the animals to be slaughtered and processed in its industrial plants. Farmers are given material, veterinary and technical support. They also have to follow a tight schedule, including dates for animal feed delivery and hog pick up. Sadia also provides the herd’s reproducer (“matriz”), whose genetic features were perfected in the company’s laboratories. The company also produces and supplies the animal feed used by farmers. Often these inputs are sold to farmers on credit, being paid when they sell their pigs to the industrial companies.

3. How Industrial Policy Can Support the Development of New Exports: The Lessons of Programs Created before the Washington Consensus

The focus so far has been on firms, and on the trade and industrial associations they create to solve coordination problems that they cannot resolve individually.  Government has entered the picture, if at all, to provide industry-specific public goods at the urging of these associations (and perhaps the governments of trade partners with whom they must negotiate). Examples are the provision of cargo flights by state-owned airlines for floriculture in Colombia and Ecuador or the creation of juntas locales for the avocado industry in Mexico under the auspices of a national phytosanitary law.  But there is more to of the public sector role in encouraging new exports than that. In fact, sector-specific industrial policies, favoring capacity building by private actors rather than just solving coordination problems beyond their reach, have played an important, if very inconspicuous part in the “re-invention” of some significant export products, particularly in agriculture and related industries.  This section goes some way towards completing the picture by tracing these developments.  The suggestion—but it is, for now, no more than that—is that the capacities for state action demonstrated in these successful policies could be extended to other domains, especially those where the emergence of cluster and platform production indicates possibilities for rapid growth and learning.  

That the role of industrial policy in the discovery of new exports has been inconspicuous, not to say invisible, is easily explained.  Industrial policy was strongly disfavored in the 1990s under the Washington consensus as a misguided and unworkable effort to bypass markets and “pick winners” by bureaucratic means.  As avid proponents of Consensus reforms, many Latin American governments were especially adverse to industrial policies. The industrial policies at work during the last two decades in Latin America were therefore in the main those created well before the Washington Consensus took hold, sometimes as early as the 1950s; their services, long familiar, had often come to be regarded as integral to the economic life of particular sectors, not an intrusive and suspect government intervention. The most effective of these long-standing and continuing industrial policies tended to be those that decentralized at least some decision making to local units which answered to local stake holders as well as national authorities. Such decentralization helped ensure both that the services provided in some measure addressed actual needs, and that well regarded units could count on the support of potent, local interests to protect them and their programs against abrupt changes of course or sheer disorganization at the national level. Agricultural and veterinary research and extension services, established in many Latin American countries after World War II to help cultivators open new territories to agriculture, mechanize farming and improve seed or livestock selection in ways specific to their particular and various conditions, fulfilled these conditions. So too do vocational education institutions, of which the most successful, such as INFOTEP in the Dominican Republic, collaborate closely with industry to indentify the need for and provide training in sophisticated skills (managing lean production, or, lately, building web applications using programs such as C++). Often these institutions are sheltered from the vicissitudes of budgetary politics by inclusion in a special tax regime: They are assured a fraction of the revenues from a payroll tax (in the case of vocational training in the Dominican Republic) or a national tax on agricultural exports (in the case of agriculture extension in Argentina), often with the proviso that national and regional councils of client firms and farms agree to and participate in the monitoring of the services provided.

It is unsurprising, therefore, that the contribution of industrial policy to new exports from Latin American is most consistently manifest—with a confirmatory exception in the aircraft industry that we will examine—in the provision of vocational training and, in this study, collaboration between research and extension services and their rural clients in adapting traditional and GMO crops to new soils, genetically modifying traditional crops, improving vintners’ grape stocks, and applying biotechnology to the improvement of animal health through the production of vaccines. Consider these striking and carefully documented examples from the case studies:

Bringing Soy to the Savannah
Brazil is the world’s second largest soybean producer, and the largest exporter, with soy exports of more than US$10 billion in 2005--10.4% of total Brazilian exports in that year. Between 1994 and 2004, soybean exports doubled.  To achieve this result cultivation of the legume was significantly expanded beyond its traditional, limited planting area in the temperate climate and rich soils of Rio Grande do Sul to the more abundant but much less hospitable savannahs or cerrado to the North—the area under soy cultivation increased from 6.9 million hectares in 1976 to 12.9 million hectares in 1989--while productivity was dramatically improved, with soy yields rising by 65% between 1988 and 2003, from 1,693 kilos to 2,800 kilos per hectare (while in the USA, the world's largest soybean producer, yields increased by only 6.5% in the last ten years). The solution of the many of problems of coordination among producers of different inputs required for both extension of planting area and the increase in productivity have been facilitated by, and perhaps depended on, intensive and continuing collaboration between private growers and EMBRAPA, the Brazilian Agriculture Research Agency—today a vast entity with a budget of around 1 billion reais, which finances 37 research centers and 8,600 employees, of whom 2,220 are researchers, half with PhDs. But the success of soybean cultivation in Brazil also depended on the legume’s early exposure to export markets, and to a constellation of domestic interests that protected growers against the application of a regime of price controls that deterred investment in a related crop—wheat. 

EMBRAPA and soy production grew up together.  The Agency was created in 1973 as part of a drive to increase domestic food production in order to meet the needs of a rapidly growing urban population and provide export earnings—a conspicuously attractive possibility after a world-wide crop failure in 1968 caused a large spike in the prices of agricultural commodities. An initial task was creating technical capacity in all the disciplines relevant to the advanced agriculture of the day:  between 1974 and 1978 some 1,500 researchers enrolled in post-graduate programs abroad under EMBRAPA’s aegis. A central goal was to discover how to bring commercial agriculture to the savannahs despite their low fertility soils and irregular rainfall.  Soybean was considered a strategic crop in this effort given increasing international demand for soy as a protein substitute for fish meal, and given as well the extensive experience of cultivating soy in the temperate South of Brazil. The challenges were clear: creating new soybean varieties adapted to low latitudes, and developing methods of tilling, fertilizing and conserving the soil to increase its fertility.

To address these challenges EMBRAPA created in 1975 the EMBRAPA - SOJA division to "tropicalize" the soybean, and in the same year the EMBRAPA - CERRADO division to improve soil handling techniques in the savannah region. In 1980, EMBRAPA - SOJA created the first of a line of soybean varieties successively better adapted to Brazilian savannahs soil. This and other results were widely diffused to farmers, large and small, through, EMATER, the main public agricultural extension company. EMATER trained its agents to help farmers make effective use of what it termed “ technological packages”: bundles of complementary technologies found, after careful study, to be suited to particular agricultural producing areas. By the time EMATER was closed in 1991 in connection with a wave of Washington Consensus deregulation, smaller farmers could rely on producers cooperatives to access innovative technology, or turn to state rural extension services (whose quality however varied considerably from state to state and unit to unit), while larger planters could employ their own personnel to maintain direct contact with EMBRAPA and keep abreast of its developments. Of course the government's role in the development of soybean production and exportation was not limited to technology development and diffusion: An important complement to the services provided by EMBRAPA was the creation of special credit lines that, until the wave of liberalization, subsidized investment in new soy technologies—but only those developed by EMBRAPA and supported by EMATER, as long as it existed. Later the Moderfronta program was developed to help finance investment in agricultural equipment, and it played a fundamental role in the modernization of the Brazilian agricultural implement fleet, to the great benefit of productivity.

But as the requirement to use subsidized credit only for EMBRAPA/EMATER technology suggests, Brazilian policy, especially before the liberal opening of the 1990s could become overly prescriptive, and even degenerate into a self defeating effort to dictate their behavior of those it aimed to assist.  This was the  outcome of government efforts to extend wheat cultivation at the same time it was encouraging soybean expansion, and by many of the same means. But because wheat was crucial to domestic food consumption, the military government of the 1960s and 70s did not hesitate to regulate wheat growing and processing minutely and comprehensively:  the total volume of ground wheat was registered and flour imports prohibited; domestic wheat had to be sold to the Banco do Brasil at set prices, and an official committee managed international purchases.  The result was to depress the domestic price for wheat and discourage improvements in quality because producers were not rewarded by higher sale prices for these.

Soy escaped this fate because it was, at the beginning, relatively insignificant as a source of food or fodder on the domestic market, but highly prized in international trade. The state had little reason to regulate it, and at least some private actors were able to capitalize the fruits of their engagement with state agencies quickly enough to make themselves less vulnerable to political changes. Industrial policy in the sense of the provision of complex, industry-specific public goods—the research of EMPRAPA and the extension work of EMATER—could complement private initiative unencumbered by regulatory disincentives.  The result was a striking demonstration of the ability of public-private cooperation to substantially enlarge the capacities of the domestic economy. 

Veterinary Vaccines in Uruguay
Uruguay’s exports of animal vaccines—mainly bacterial vaccines for anthrax and clostridia but also viral vaccines for rabies and eye diseases—grew at a cumulative annual rate of 9% between 1995 and 2006, about double the current rate of growth of the market worldwide, to reach about US$ 6 million.  The emergence of this highly competitive, technologically demanding industry is the outgrowth of decades of intellectual exchange between public and university laboratories and private-sector R&D aimed at controlling foot-and-mouth disease, and—with the success of those efforts—the emergence in recent years of an increasingly intense and formalized system of public-private collaboration in new areas of biotech. In this case too the success of industrial policy depended on exposing the products it helped develop, whether these were exported initially or not, to the validating test of international competition.

With its 10 million head of cattle and location in the Rio de la Plata estuary, Uruguay is, and has been for more than a century, a substantial part of one of the largest stock breeding areas in the world.  With cattle comes—at came least until very recently—foot-and mouth disease (FMD); and the origins of the country’s biotech industry date to the establishment in the 1930s of state laboratories to develop vaccines against the virus.  Starting in 1946 private firms were authorized to produce vaccines; new state laboratories specializing in the disease were created in the following decades. The upshot, given convergent developments in Argentina and Brazil, was to create a pool of public and private expertise in animal health in the Plata basin that attracted substantial investment by leading multinational firms.
Subsidiaries of four multinationals came to dominate the Uruguayan market for FMD vaccines.  But they did so under a regime that both facilitated quality improvement and innovation and potentially sanctioned the failure to achieve it:  In 1968, as part of national campaign against FMD, a state institution—DILFA—was created to monitor the quality of all vaccine production. The standards it applied were strict enough to eventually force 7 of 11 producers from the market. Only the multinational subsidiaries survived.  But in the same year, and despite the general thrust of the import-substitution strategy in place at the time, the government effectively removed duties on imports used to prevent or treat cattle-related diseases. Domestically produced vaccines could thus only succeed in the Uruguayan market if they were in fact as effective as alternatives available on world markets, ensuring that local producers, regardless of the nationality of their owners, were under continuing pressure to meet international standards. To facilitate the necessary innovation a public laboratory, Laboratorios Rubino, and the DILFA were charged with transferring their research results to private firms. There was, however, no incentive to export, as the domestic market was huge and stabile, and returns on capital high.

The situation changed dramatically in the mid 1990s, when Uruguay sought and secured from the International Organization for Animal Health the certification that its cattle were "free of FMD without vaccination": an extremely valuable label in global meat markets. To obtain this status, the government had to discontinue vaccination and prohibit handling of the live virus. These measures ended production of FMD vaccine in the country, provoking the withdrawal of several multinationals (some of which were already of re-locating production to take account of opportunities created by MERCOSUR). This withdrawal in turn cleared the way for the re-assertion of domestic capital in the industry and the redirection of production to new vaccines for export markets, particularly in developing countries 

Two leading examples of the new exporters that have emerged since then are Laboratorios Santa Elena and Prondil. Santa Elena was created in 1957 by a small group of researchers of the Veterinary School of the public university to produce animal health products. Its clients were veterinarians, cattle breeders and traders from the countryside. The firm focused almost exclusively on the domestic market until the mid 1990s, when, in reaction to the ban on FMD production, it began exporting bacterial and viral vaccines to other Latin American and the Caribbean.  Prodil was formed in 1992 by a group of ex-employees of the multinational Coopers, when the latter exited the Uruguayan veterinary vaccine market. Its capital is entirely national; but given the restrictions on the domestic market it targeted exports from the first, initially building on Coopers’ connections to South Africa, but then quickly developing new products in two lines of bacterial vaccines for the Latin American and Caribbean region, with further expansion in sight.  Both benefit in international competition from the low salaries of skilled professional in Uruguay as compared to those paid in richer countries, and from the lower costs of animal testing there.

Crucially, both Prondil and Santa Elena rely on partnerships with many local academic groups and institutes, including the Department of Biotechnology at the Instituto de Higiene (the School of Medicine of the public university), to draw on local knowledge to improve their production processes and to develop niche products for export markets: industrial policy in this sense is crucial to their export success. 

The development in Argentina of an export-capable industry applying biotechnology to plant and animal health confirms the generalizability of Uruguayan experience. In Argentina as in Uruguay, farmers and ranchers have collaborated for decades with public entities to improve crop conditions and stock breeding: INTA, the national agriculture research and extension services, with 15 regional centers, some 50 experimental stations and many institutes specializing in disciplines related to biotechnology is the producers’ principal state interlocutor, but university departments are active collaborators as well.  In Argentina, as in Uruguay, collaboration between public entities and private firms has become in recent years more intense and formalized, as suggested by the profusion of new instruments of cooperation such as convenios de vinculación tecnológica, convenios de asistencia técnica and acuerdos de asistencia técnica.  The pace of innovation has been, if anything, more rapid in Argentina than in Uruguay, with the development of a commercially important mutagenic variety of red-rust resistant rice as a signal achievement (Bottino & Lengyel, 2009).  The story of the successful development of animal vaccines in Uruguay is, in light of this neighborly corroboration, a story that can be repeated.
Regional Aircraft in Brazil
Embraer (Empresa Brasileira de Aeronautica SA.), a formerly state-owned firm, is today after Boeing and Airbus the world's third largest civil aircraft manufacturer. It has been one of top two Brazilian exporters since 1999, with international sales in excess of $3 billion in 2005, chiefly to the US.  By any standard it is a large firm, currently employing more than 16,500 persons, of whom 85% are based in Brazil. Embraer is the exception—in industry, rather than agriculture—that proves the “rule” of industrial policy success in Latin American. For the firm’s ability to enter the tightly defended oligopoly of international airframe producers depended, as did the development of soy in the savannahs and animal vaccines in the Rio de la Plata estuary, both on industrial policies that were well established before the advent of the Washington consensus and on early, continuing exposure of crucial aspects of the new endeavor to the discipline of world markets.

The drive to create a sophisticated, domestic aircraft industry serving civilian and military needs was a key part of the national ambitions of the Brazilian technical elite from at least the time of the Second World War. This drive found expression in the late 1940s in the creation of the Aerospace Technological Center (Centro Tecnologico Aeroespacia or CTA), which housed the country’s first (and still leading) school of aeronautic engineering (the Instituto Tecnologico de Aeronautica—ITA) and, from 1954 on, a high-level research and development unit (Instituto de Pesquisa e Desenvolvimento—IPD) By 1968 the IPD had developed and successfully flown the prototype of an eight-seat turboprop plane, equipped with Pratt & Whitney engines. Embraer was founded the following year, as a mixed economy company controlled by the Federal Government and reporting to the Ministry of Aeronautics, to manufacture variants of this prototype, which came to be called the Bandeirante.
In conformity with the reigning import-substitution strategy, the initial focus was on the domestic market.  Because of its enormous size and the dispersion of its population, Brazilian air traffic was dependent on the import of light planes.  This dependency was made salient and worrisome by the increasing attention of leading international airframe manufacturers to larger and larger planes that could operate with great efficiency in dense markets with high load factors, but were unsuited to Brazilian conditions. Fearing that Brazil could not count in the long term on imported equipment to serve its own smaller and more dispersed market, the IPD and Embraer concentrated on designing aircraft that could economically provide reliable, frequent service on relatively short routes with small loads: small, light planes that minimized the weight of the aircraft per passenger and could use short, ill-kept (often unpaved) runways under harsh weather conditions with little air traffic control and infrequent maintenance. The fact that regional civilian aviation was so regulated in the 1970s by the Brazilian aeronautic authorities as to create a largely captive market for Embraer planes could only have sharpened the domestic focus. Convergent considerations led to collaboration with the Brazilian air force on complementary projects.

The focus on the domestic market was not, however, incompatible with co-operation with foreign component makers and attention to export possibilities.  The costs of project development in the airframe industry are dauntingly high, even for advanced-country producers with deep pockets.  Embraer quickly realized that a way to reduce these costs at the outset was to agree to share them with the producers of engines and other key components, in return for long-term purchase agreements or a share of eventual profits.  In the medium and long term the remaining investment costs could be more easily amortized by increasing production runs (thus achieving economies of scale and reducing unit costs) through exports. Exports were also attractive as a way of limiting the company's exchange rate risk, and so helping to ensure the affordability of necessary foreign components.

The result was that Embraer even in the 1970s pursued a strategy of buying rather than itself making high technology, high-value added components. The firm was thus free to concentrate instead on aircraft design, fuselage production, and final assembly.  Think of this an early, industry specific variant of what today would be called a platform model of production, in which the maker of an “operating system” (here the design and the physical fuselage) collaborates over many product generations with the makers of the “applications” (the engines and the wings) that it connects.  For example, although the 19-seat non-pressurized, twin-engine turbo prop Bandeirante was of thoroughly national design, more than half of the plane’s total value added was embedded in imported parts. 

In entering these co-operation agreements Embraer was careful, on the one hand, to avoid licensing arrangements that would have limited its ability to export planes, and, on the other, to ensure that its partners transfer to it not only relevant product-specific technical knowledge, but also organizational know-how relating to series production in the aircraft industry.  Aside from cutting development costs and risks, this strategy assured Embraer that key components were available at competitive prices (because its suppliers benefited from world-wide economies of scale) and helped create a potent lobby against trade restrictions on its planes, as large foreign suppliers had much to gain if Embraer products could be sold in their country of origin. 

By 1975 Embraer was exporting, and three years later the firm entered the US market. Its timing was faultless: The Airline Deregulation Act of 1978 left commercial airlines largely free to determine their own routes, frequency of service, and tariffs. Deregulation accelerated the shift to the hub and spoke system of civil aviation, in which larger, more efficient passenger planes connect central hubs fed by smaller, regional aircraft. This change in turn led to the creation of a large number of regional or commuter airlines, to serve as “spokes.”  The US airframe manufactures, having neglected this market to build large, long-haul planes, could not respond rapidly to the sudden increase in demand for regional aircraft.  Embraer, whose growth was spurred by US producers’ neglect of just this market, could. The Bandeirante was quickly adopted by a number of commuter airlines in the US, and by 1982 accounted for a third of the US fleet of commercial, 10-20 seat planes. Success followed success: Embraer sold 356 Brasilia’s (EMB-120), a fast, pressurized 30-passanger model derived from the Bandeirante, in fourteen countries from 1985 on.

But beginning also in the mid-1980s the Brazilian state owner began to intrude more directly and disruptively into the company’s decision-making.  Perhaps the firm’s undeniable successes emboldened officials and politicians, allowing them to imagine, imprudently, that Embraer was indestructible if not invincible. Or perhaps the constraints of prudence were relaxed by the impending retirement of Dr. Ozires Silva, the much admired and famously independent chief executive of Embraer, who had led the firm from its founding. In any case, public control of management became much more cumbersome, and important decisions often required executive and legislative approval from the federal government in Brasilia.  Worse still the government forced the company to enter collaborative projects that proved unprofitable. As world recession hit in the early 1990s, and the government—now embracing the market-reform program—cut various export finance and incentive schemes, sales plummeted, losses exploded, and moral plummeted. By 1994 Embraer had been sold to a consortium of banks and pension funds in a complex transaction that allowed the private acquirers to pay with government debt securities and the Aeronautics Ministry to keep a golden share in the company after its privatization.

Given the prior decades of successful innovation and production, and the relative brevity of the state’s truly meddlesome interference, it is perhaps unsurprising that privatization, and the accompanying, large capital infusion, quickly revitalized Embraer.  The emblem of its success, and the continuity between the old state and the new private firm, is the EMB145, the company's first commercial jet for the regional market: Launched in 1989, but certified and first exported only in 1996, the plane has become the mainstay of the firm’s exports, with a thousand sold so far.

Today the company currently has a leading position in its market segment, and the benefits of incumbency are augmented by comparatively lower labor costs. The market for regional aircraft, moreover, is likely to expand, as emerging economies such as China (where Embraer now has production facilities) develop, and as airlines in the advanced countries shift from the hub and spoke model to dedicated, point-to-point traffic patterns—essentially shuttle service between two cities—that require just the sort of aircraft in which the company specializes. Beyond all this, the firm’s need for direct public support of export financing is decreasing as its own costs of capital decline, in part because of improvements in the Brazilian financial markets, and in part because of its access to international credit. 

In sum, Embraer, having built a platform that connected it both to leading producers of key components and sophisticated, international markets for its final products almost from the beginning, is likely to continue as a major producer of commercial aircraft.  More generally, industrial policies, whether in domains related to agriculture or industry, can make indispensible contributions to such platform building.
4. Capacity Building, Diversification and Development

The original cluster of claims regarding the importance of self-discovery have a family resemblance to the earlier ideas about the need for, and barriers to diversification of Latin America exports crystallized in the work of Raúl Prebisch and colleagues at CEPAL. By way of conclusion we briefly examine this connection in light of the study’s findings, and suggest that the possibilities for export diversification may be even greater that the initial formulation the problem of self-discovery, and the background research motivating and supporting it, might suggest.

The key family similarity between structuralism and self-discovery is the idea that that some feature of the currently efficient division of labor between advanced and developing countries limits the long-term diversification, and thus growth potential, of the latter. For Prebisch and the structuralists the key obstacle to diversification was found in the observation of the deteriorating terms of trade for primary products:  From the vantage point of the later 1940s, when they took up the theme, and in the following decades, it seemed that prices of primary products, especially foodstuffs, as measured by the value of the industrial products for which they could be exchanged, were in constant decline. This might have been because demand for industrial goods increases more with increments of national income than does demand for food and other primary products, or because trade unions in advanced countries could claim a greater share of the gains from trade than their counterparts in developing economies.  But either way, or for yet another reason, the upshot was clear. The returns to efficiency increases through trade, and by the steady improvement of production techniques, went disproportionately to the advanced countries; and this impoverishment was self perpetuating, because, by depriving developing countries of the capital to diversify, it locked them into the very activities that made continuing expropriation possible.  The way out was thought to be a program of import substituting industrialization—in effect using a sheltered domestic market to build the (diversified) capacities with which to engage world markets fully and fairly (Prebisch, 1981, 1986).

For Hausmann, Rodrik and their collaborators capacity building through diversification is also the key to development. They have demonstrated, as we noted at the outset, that countries become what they export. Thus the key to development is learning to make and export the sophisticated goods the advanced economies already make for each other; a key task of development economics is indentifying obstacles, generally and in particular economies, to this diversification. But in contrast to the structuralists, declining terms of trade for primary products do not figure in their analysis (for the simple and conspicuous reason that terms of trade for primary products are, in anything, improving today, and seem in general to have played a small role in shaping the economic prospects of developing countries) (Hadass and Williamson, 2003). Nor is there any other equivalent mechanism in their view that directly blocks development through unequal exchange, making the prosperity of the advanced countries depend on the misery of the developing ones.

Of the general obstacles to diversification on which they do focus the first and most directly relevant here is the problem of self-discovery itself.  In the original formulation of the idea, we saw, problems of appropriability, we saw, led to underinvestment in the search for new exports as alternatives or, better, supplements, to current ones.  In the context, moreover, of the Washington Consensus program of reducing barriers to entry and other market distortions generally, without attending to this specific problem, the perverse result of the failure to explore new opportunities, especially in Latin America, might have been to encourage dedication of still more resources to existing activities.

A second general obstacle to diversification indentified in the self-discovery research program has to do with intrinsic features of products themselves, or more exactly with the generalizability of the capacities required to produce them. Hausmann and co-authors have devised ingenious methods for “mapping” the space of export products, where the proximity of two goods on the map (derived from measures of their co-occurrence in particular economies) indicates dependence on common, or closely related capacities, and thus the ease of diversifying from one to the other (Barbasi, Hidalgo, Klinger & Hausmann, 2007). As might be expected, industries like telecommunications, computers, and capital goods tend to be “close” to each other on this product map, and countries that are good at one can enter the others, if it is opportune to do so.  Conversely, products that are isolated from these rich clusters on the map are those dependent on specialized capacities. An economy dedicated to producing these kinds of products entrenches itself in its routines, rather than acquiring the capacity to master new, more demanding and rewarding skills. Isolated, specialized industries in this developmental sense include mining, forestry, agriculture and animal husbrandry—the very primary products that Latin American economies have traditionally exported. Thus self-discovery turns out to be especially important for Latin American because its traditional vocation for primary products has led into into remote and isolated zones of the product space, far from the inter-related capacities that constitute the common core of modern production.

In light of the results of the study on new exports from Latin America these concerns seem not misplaced, but mischaracterized. Self-discovery is arduous and costly; it is not simply an incidental and automatic result of well functioning markets.  But neither is it a straightforward market failure that can remediated by a patent-like tightening of property rights that allows pioneers to capture the positive externalities of their efforts. On the contrary, self-discovery on the evidence here turns out to be largely a problem of complex coordination, solved by cooperation among diverse actors in the private and public sectors.  Industrial policies, especially the provision of club or industry specific public goods in the form of specialized services—technical assistance, help in meeting phytosanitary requirements, and so on—can help, but provided that the beneficiaries are exposed to the continuing discipline of competition. Under favorable political circumstances Latin American countries were able to develop such polices in the period before the Washington Conensus, and there is every reason to think that they are even more capable of doing so now.

Similarly, dedication to traditional primary products surely continues to be a burden to development, but the obstacle lies in the adherence to tradition in production methods, not some essential feature of the products themselves. On the contrary, again, the renovation or re-invention of these products—as captured most dramatically in the shift to GMO soy—is manifestly an opportunity to acquire many of the kinds of kinds of skills that form part of the core competencies of the modern economy. Primary production can be—is on the way to becoming—a springboard as well as a trap: not a surprise, given what we know of the contribution of agriculture to the development of Denmark, the US, Canada and Australia, or the of forestry to Finland, but evidently a lesson that bears repeating given the history of Latin American and the lingering legacy of the structuralists.

Taken together these two recharactrizations of the problem of self-discovery and export diversification suggest that while the struggle for development and the acquisition of new capacities continues with undiminished urgency, the paths to these goals may be different, and perhaps more accessible, than we might have feared.
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� The kind of statistics expressed in prices, Hayek writes, “have to be arrived at precisely by abstracting from minor differences between the things, by lumping together, as resources of one kind, items which differ as regards location, quality, and other particulars, in a way which may be very significant for the specific decision…. If we can agree that the economic problem of society is mainly one of rapid adaptation to changes in the particular circumstances of time and place, it would seem to follow that the ultimate decisions must be left to the people who are familiar with these circumstances, who know directly of the relevant changes and of the resources immediately available to meet them” (Hayek, 1949). Hayek assumed that this local knowledge was inherently tacit—incapable of being articulated—and therefore unavailable for discussion or deliberate revision. He believed further that this feature of local knowledge severely limited the coordinating capacities of organizations of any kind, but particularly bureaucracies.  There is a modern class of non-hierarchical organization that relaxes the limits on coordination precisely by devising routines for making local knowledge partially explicit for purposes of problem solving. Contemporary industrial policies rely increasingly on such organizations.  For discussion see  


� “The problem [addressed by the price system—CFS] is precisely how to extend the span of our utilization of resources beyond the span of the control of any one mind; and, therefore, how to dispense with the need of conscious control and how to provide inducements which will make the individuals do the desirable things without anyone having to tell them what to do. The problem which we meet here is by no means peculiar to economics but arises in connection with nearly all truly social phenomena, with language and with most of our cultural inheritance, and constitutes really the central theoretical problem of all social science.” (Hayek, 1949). Hayek considered competition itself to be a discovery process in a sense closely related to idea of discovery under discussion here: “It is useful to recall that wherever we make use of competition, this can only be justified by our not knowing the essential circumstances that determine the behavior of the competitors. In sporting events, examinations, the awarding of government contracts, or the bestowal of prizes for poems, not to mention science, it would be patently absurd to sponsor a contest if we knew in advance who the winner would be. Therefore, as the title of this lecture suggests, I wish now to consider competition systematically as a procedure for discovering facts which, if the procedure did not exist, would remain unknown or at least would not be used” (Hayek, 2002).


� For each product in international trade Hausmann, Hwang and Rodrik define a measure—PRODY—reflecting the (implied) productivity of the countries exporting it.   The PRODY of a product is the weighted average of the per-capita GDPs of exporters, where the weight given each country is determined by its revealed comparative advantage in the product.  For each trading country they construct a measure—EXPY—to express the level of (implied) productivity corresponding to its basket of exports. A country’s EXPY is thus just the export-weighted average of the PRODY’s of its products.  Hausmann, Hwang and Rodrik show that a country’s EXPY is “a strong and robust predictor of subsequent economic growth, controlling for standard covariates.”





� Up to some limit, the more firms in a cluster, the easier it is for each firm to find the partners it needs, the lower its costs of production. Up to the size limit, therefore, firms in a cluster constitute positive externalities for each other.  The attraction of these positive externalities is (part of) what draws firms to the cluster in the first place, causing agglomeration. See Paul Krugman (1991); Edgar M. Hoover and Raymond Vernon (1959).
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� On the innovative contractual mechanisms by which potential partners explore and, where possible, create the conditions for co-development, see Gilson et. al, 2090.2010’
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