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CHAPTER 1



Raising the leviathan

Automobile manufacturing has grown into an industry so monstrous that it defines the twentieth century like no other human endeavor. It has shaped our society to the extent that it is now difficult to envisage what form the physical landscape would have taken without this network of highways that scar the scenery, linking disparate residential communities with places of work, recreation, and retail. The dependence on the automobile is now so great that if it were to disappear it would reduce many communities to crisis point as they became isolated from all that sustains them.

The industrial network that underpins the automobile has also spread its tentacles throughout the commercial world. The production flow system that characterizes automobile manufacturing was not new even when Henry Ford first implemented it, and neither has Toyota's so-called lean production approach taken it beyond its original principles; but it has acted as an icon for economic efficiency with ramifications far beyond its industrial foundation. Production flows can now be observed even in industries where it was once thought to be impossible, such as shipbuilding and aircraft manufacturing, while lean production has become a totem of efficient activity.

Yet despite the automobile industry's position at the pinnacle of industrial and economic development it is still not well understood. Each new innovation seems to represent a blind step into the unknown as the industry explores an unknowable future. This suggests a chaotic progression as companies fumble in the dark for a route to prosperity, some inevitably losing their way and staggering into the Grimpen Mire of history. At the same time, other companies seem adept at finding a way forward, and it is salutary to note that some of the oldest names in the industry are still competing as fiercely as ever. Nevertheless, the inexorable rise of a new industrial colossus in the shape of Toyota has inspired a fear in the industry that the Japanese have discovered the one true course to the future.

To discover what this route might be, this research attempts to clarify the basic principles upon which the automobile industry is founded by revealing the fundamental structuring forces. Since these are essentially the same for all mass market automobile manufacturers it is possible to arrive at a self-contained and systematic view of the industry, expressed as a paradigm similar to those that structure schools of thought in science and philosophy. The principles embodied in the paradigm then define the limitations of the industry and govern its future path. Using actual data gathered from automotive companies in Japan and the UK, this research has constructed an evolved size and structure for a theoretical automobile company in accordance with the principles of the proposed paradigm. Uniquely, the resultant model quantifies the extent of vertical integration and necessary economies of scale related to each function for a sustainable automobile manufacturer. The model also illustrates the additional advantages that accrue to manufacturers that exceed the prescribed production output quantities.

While this suggests that all automobile companies that fall short of the ideal are doomed to failure, the research also shows how it is possible for suboptimal firms to collaborate in a novel form of partnership: the international vertical joint venture (IVJV). Not only is this of vital intelligence to all automobile firms, but by applying this paradigmatic approach to other industries it is similarly possible to derive an equally systematic understanding of their limitations and future potential. If this is the case, then the automobile industry will remain at the leading edge of industries around the world.

1.1 Growth of a global industry

The world's automotive industry has long played an important economic role. It is now one of the largest industries in the world, but even in 1946 its size prompted Peter Drucker to declare that “the automobile industry stands for industry all over the globe. It is to the twentieth century what the Lancashire cotton mills were to the early nineteenth century: the industry of industries” (Drucker 1972, 176).

Over 30 years later, in 1981, the managing director of Volvo, Pehr G. Gyllenhammar, stated: “I personally believe that the automobile industry marks the limit of the sustainability of industrial society. If you, as a country or a nation, state as a fact that you are not competitive within this industry, then you have also abdicated from industrial society” (Malmberg 1991, 212).

Data from the International Organization of Motor Vehicle Manufacturers (OICA) show that the impact of the industry has not softened since then. In 2007, total vehicle production reached 73.2 million units, an increase of 5.7 percent over 2006, when employment had reached 9 million people in vehicle production and the related component industries. OICA estimates that as much as five times as many more people are employed indirectly, resulting in total employment of around 50 million people. This results in a substantial contribution to the global economy, equivalent to a turnover of ₠1.9 trillion in 2005, making possible investments in research and development (R&D) and production of around ₠85 billion. Governments too benefit, with the 26 OICA member countries collecting over ₠430 billion in revenues.

The greater part of the automotive industry is made up of automobile production, amounting to around 53 million units in 2007 (OICA 2008b). Yet production output is not distributed evenly around the world, with Western Europe taking the larger share at 33 percent of the total. Within the European Union (EU) there has been some shift in production towards the newest member countries so that Romania, Slovenia, and the Czech Republic have gained production while only Germany of the established European countries has maintained some rate of growth (OICA 2006a). Overall, though, total production for the European region has remained fairly steady.

Elsewhere in the world, shifts in general automotive production have been detected. In 2006, automotive vehicle production in North America fell by 2.7 percent while Africa grew by 16.3 percent, although nearly half of these vehicles were trucks. African output was dominated by South Africa which manufactured nearly 340,000 automobiles out of a total of 458,000 for the continent as a whole. The Asia-Pacific region showed growth of 9.3 percent in total automotive output, China being conspicuous with general automotive industry growth of 26.3 percent and automobile output of 4.3 million units. Despite that rate of increase Japan remains the biggest producer in the region with 9.8 million automobiles produced, a rise of 8.2 percent on the year before (JAMA 2007a). Table 1.1 shows the countries that produced over a million units in 2007.

Table 1.1 shows that the expansion of the world's automobile output is rising like a global tide, and one that threatens to overwhelm the weaker industrial centres. It certainly makes depressing reading for followers of the industry in such countries as the US and the UK as they watch their countries sinking ever lower in the rankings. Yet even as emerging economies such as China occupy good positions in the global automobile industry, other countries that have long historical links to the industry continue to be strong players. Germany is still in the top three, while France and the US retain their strategic importance for the industry. In order to grasp the basic factors involved it is necessary, therefore, to specify the unique characteristics of the automobile industry that imbue it with such global importance.





Table 1.1 Top automobile producing countries, 2007
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Source: OICA (2008b).

1.2 The Budd paradigm lays the foundation

Historically, all vehicles were made using similar methods, an unstressed vehicle body being attached to a load-bearing platform, otherwise known as a frame or chassis. Automobile manufacturing then took on a distinct form of production technology when the all-steel load-bearing unitary body was developed in the early part of the twentieth century. This basic manufacturing process is still the dominant one but it is highly restrictive, both in the form of the final product and in the method of production, so it is best suited to vehicles that have a well defined purpose, i.e. the comfortable and affordable transport of small groups of passengers at their own convenience.

The highly defined state of manufacturing automobiles in this way results in an industry structure that can be described from a systematic viewpoint, known as a paradigm. Paradigms are well known in research fields where they define a particular philosophy, or school of thought. For example, astronomy and astrology might be described as paradigms. While they share an observation of the stars, the fundamental purpose of the two approaches is so distinct that there is little else in common. Where astronomers use radio telescopes to research the structure of stars, astrologers would refer to printed charts that simply tabulate planetary movements. Furthermore, each approach predefines the nature of problems it is designed to tackle: an astrologer could no more hypothesize the existence of a new planet than an astronomer could predict the outcome of a football game.

Indeed, different paradigms are so distinct and self-referential, that when a new approach emerges there is no possibility of the old paradigm evolving into the new one. On the contrary, technological progress tends to be made in fits and starts as the new paradigm subverts the influence of the old one in a revolutionary change. Interestingly, since the new paradigm is based on a distinctly new perspective, and deals with a new set of problems, there is actually scope for the old paradigm to continue until it eventually fades away into irrelevance. Newton's Laws of Motion may be part of an old paradigm but they are still a perfectly acceptable way of moving around the planet. The rival quantum mechanics paradigm answers different questions from a novel perspective and it would require yet another paradigm to resolve the opposing points of view.

Once this paradigmatic approach is accepted it is possible to conceive of their existence in all walks of life: as psychology and psychiatry, for example, or religions like Christianity and Buddhism. In the field of arts it becomes possible to understand why photographers and painters have so little in common, despite the fact that both deal with visual images. Returning this paradigmatic viewpoint to industry, it becomes clear that the Industrial Revolution was only possible once it was discovered how iron could be made available in high volumes. While the original method of fabricating iron, in a blacksmith's forge, was convenient for serving local needs, huge furnaces were ideally suited to large volume output serving equally large-scale factory production. Thus, we find the birth of industrialization and the consolidation of manufacturing on a massive scale.

Similarly, Nieuwenhuis and Wells (1997, 2007) have found that manufacturing automobiles from steel, load-bearing bodies brought a clear definition to the possibilities and limits of automobile production. They have termed this manufacturing process the “Budd Paradigm” after Edward Budd, who, with his partner Joseph Ledwinka, invented the unitary body concept that did away with the separate chassis. It is the associated requirement for a specific production technology that then defines the limits of the paradigm and dictates the ultimate economies of scale for the automobile industry as a whole.

The economies of scale occur in the automotive industry because of the need to use large amounts of capital machinery, a commitment that cannot be avoided due to the physical difficulty in shaping and welding sheet steel. Generally speaking, these metal processing machines have always been able to cope with more production than market demand would justify. This has meant that as global demand has risen, instead of building additional small plants, it has been possible to build ever larger plants housing the same basic production technology. As long as a large plant is working at full capacity, the high costs of operating the plant are spread over the increased output to the extent that each unit can be produced for a lower cost. The availability of economies of scale refers to the way that unit costs fall as larger and larger plants are built. In theory, though, there comes a point when a plant is too big and the problems in running it actually create additional costs; this plant, and any larger ones, are said to be experiencing diseconomies of scale.

In order to exploit fully these economies of scale companies need to invest in large, optimally sized plants. The high risk of doing this from a standing start creates the high entry barriers in the industry that result in the bigger incumbents retaining their place at the top (Altshuler et al. 1986). As a consequence, when a new automotive company attempts to secure a place for itself it requires substantial outside assistance, usually from the government. This provides artificial support to elevate indigenous manufacturers to a level where they can compete against the established, global competition. In China the government has done this by obliging foreign manufacturers to enter into joint ventures (JVs) with local firms as a mechanism for transferring technical capability and sharing production output. Chief amongst these Chinese JVs is that between VW and SAIC, which sold 694,406 units in 2006 (Automotive News 2007b). Conversely, the smaller domestic Chinese manufacturers that are not in JVs with foreign manufacturers continue to have difficulty simply surviving: they accounted for just 27 percent of the Chinese market in 2006, this being spread over at least 20 different manufacturers (Business Week 2007). Even Chery, the largest independent Chinese manufacturer with 7.2 percent of the market, has joint ventures with Fiat and Chrysler along with substantial engineering consultancy input from Lotus of the UK and AVL of Austria (Automotive News 2007b; Chery 2007).

There is no sign that these entry barriers to the industry are coming down. On the contrary, new technological challenges for the industry, particularly with regard to safety and exhaust emissions, have meant that product development costs have risen. Bailey gives a range between £400 million and £1 billion (US$800 million and US$2 billion) for bringing a complete new model program to the market: “As a result, large scale production over different brands using a platform-sharing approach is vital to generate the cash for future model development” (Bailey 2007, 139).

The established manufacturers are thought to enjoy advantages in size, in addition to the economies of scale, because they can spread the costs of product development over a greater number of units. This has led to a trend towards higher outputs and consolidation as major manufacturers merge to form larger groups. Maxton and Wormald (1995) predicted that only five global automakers would eventually survive, two in the US and three in Japan. Ford is a case in point, acquiring Jaguar in 1989, Aston Martin in 1994, Volvo in 1999, and Land Rover in 2000 and forming the Premier Automotive Group (PAG) division. There have been similar mergers throughout the industry, such as Daimler and Chrysler in 1998, Renault and Nissan in 1999, and BMW and Rover Group in 1994.

Nevertheless, there have been signs more recently that the industry has overplayed its hand. Since 2000, of those listed above, only the Renault– Nissan relationship has remained intact. PricewaterhouseCoopers (2005) found that by 2004 the value of mergers between vehicle manufacturers had fallen to $2.3 billion (£1.25 billion), which was 9 percent by value of the total merger activity in the automotive related industry and down from 29 percent in 2002. A later annual survey by KPMG (2007) found that while larger firms would continue to hold the advantage, consolidation would no longer be achieved through full bilateral mergers but by networks of strategic alliances. This suggests that firms will be able to access economies of scale jointly while retaining their own organizational structures. The Economist (2005) particularly noted that Toyota had come to prominence achieving economies of scale without fundamentally changing its integrated structure.

In 2005, Automotive News counted 21 independent automobile manufacturers that were also operating in partnerships and in 2006 the publication listed 42 automobile manufacturers with outputs ranging from 14,000 units a year, in the case of Hindustan Motors, to 9 million units a year in the case of Toyota (Automotive News 2007d). This is not to negate the pressure for companies to consolidate into groups, but it does suggest that the accepted theories concerning consolidation lack some fundamental understanding of the forces driving the industry.

1.3 Defining the automobile industry paradigm

Received wisdom has argued that the existence of economies of scale in the industry mean there is an irresistible trend towards consolidation such that smaller manufacturers would either have to join together or else leave the industry. Yet this convergence on a few dominant manufacturing groups is not inevitable, and there have been instances in other industries where firms have exploited economies of scale by limiting themselves to joint ventures that protected the independence of each party. Furthermore, some recently formed large groups have subsequently demerged, DaimlerChrysler being notable here. This indicates that company structure, in terms of the processes and functions that a company owns, is distinct from the question of the scale that these processes should have. If scale is distinct from structure, and given that the production technology dictates the economies of scale, then some advantage may be found in restructuring the vertically integrated structures. This book sets about doing this by assessing the evolution of the industry.

The discussion will aim to clarify the structure of the industry by demonstrating that mass-market automobile production is technically separate from other manufacturing processes due to the unique characteristics of the production technology. I will describe how the consequent economies of scale, which imply synchronizing output between related production processes, such as engine production and final assembly, are well documented in the literature. However, the existence of economies of scale does not in itself compel an organizational structure; but in this book I will consider scale and corporate structure as conceptually separate.

The suggestion here is that just because two separate processes need to match their outputs at some common level for both to exploit the prescribed economies of scale, it does not necessarily follow that both processes should be owned by the same firm. The fundamental question being asked is whether a firm should make a particular part itself or buy it from an external supplier. Since the range of methods for making steel vehicles is the same for all companies in the industry they must all be facing the same make-or-buy decisions, suggesting that they would all come to the same decision on owning the process and so culminate in the same organizational structure. Convergence on a single form of organizational structure is not explicitly articulated in the existing literature and this book analyzes the make-or-buy decision that motivates vertical integration in terms of transaction cost analysis, as espoused by O. E. Williamson. Transaction costs take into account all the costs associated with dealing with external suppliers, whether they can be expressed precisely in monetary terms or not.

1.4 The automobile paradigm and the full-function model

Having introduced the two themes of this research – scale and structure – the purpose of this book is, then, to propose a model for an automobile firm in terms of both its output and its organizational structure. Figure 1.1 shows how I will take these two separate and distinct theoretical approaches to demonstrate how two types of firm, the prototypical and the industry leader, operate within the paradigm for the automobile industry. The prototypical firm is one that embodies all the qualities of scale and structure set out by the paradigm. An industry leader, though, goes beyond this by offering additional advantages due simply to its dominant size.
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Figure 1.1 Fundamental arguments to the automobile industry paradigm





From this study it will be possible to derive a systematic understanding of the shared theoretical qualities of automobile companies before they are adapted to fit their own specific contexts. I will suggest a generic conceptual framework for automobile companies by constructing an automobile industry paradigm. The paradigm includes the main economic factors influencing the industry and so provides the defining features of an automobile company. It therefore describes an automobile company that both comprises all the requisite corporate functions and is also of a size to exploit the available economies of scale in each of these functions. I will then take a practical look at how real automobile companies compare with the theoretical precepts of the automobile industry paradigm and the extent to which they lie within the parameters of the paradigm. Of particular interest will be the options for companies that are wholly uncompetitive. The research considers how they might attempt to approximate to the paradigm using alternative organizational structures. The book thereby will encompass three research issues:


	Optimal automobile company size with reference to economies of scale.

	Optimal automobile company organizational structure in terms of vertical integration.

	The degree to which uncompetitive firms can approximate to the optimal size and structure.



In Chapter 2 I will establish the basic principles of economies of scale so that, in Chapter 3, I can then apply them to the automobile industry. This entails studying each of the main functions that are needed for bringing automobiles to the market. For the modern mass-market automobile the defining characteristic is the steel load-bearing body, for which the associated production technology is the body-in-white (BIW) process. The other processes inherent to automobile production are R&D, powertrain manufacturing, and final assembly. It is the central role played by the BIW process that has led to it being termed the Budd Paradigm (Nieuwenhuis and Wells 1997, 2007).

To reveal the prevailing economies of scale in the industry, I will use the technique of Stigler's “survivor analysis.” In essence, this approach states that the longest surviving firms in a given industry are the ones that have been able to exploit all the advantages due to economies of scale. Any firm that is in this position is operating at its most efficient and no competitor can beat it on a production cost basis alone. In this book, the research categorizes total global output into output ranges in order to detect any change in the share of the total for each output range. In a stable industry this would demonstrate how firms that produce more than 2 million units a year, for example, are gaining in number and so taking a greater share of the global production total.

Despite the elegant logic of the survivor analysis approach, the results in this research do not conclusively define the economies of scale in the industry, but they do indicate two broad trends. Firstly, that the firms with an output range above 2.5 million units are continuing to expand their share of the global total. Secondly, that although the share of the total held by firms in the 0.5 to 1 million range is shrinking, there are manufacturers within it that have survived for many years and are even growing in absolute terms. It seems that this apparent polarization in the industry is due to the continuing expansion in global output which indicates that the industry has yet to stabilize.

To arrive at a more definitive answer, the research then takes a different approach for uncovering the economies of scale. The minimum efficient scale (MES) for an automobile firm as a whole is estimated by calculating up from the minimum efficient plant size (MEPS) for each contributory process. The data were gathered from archive and company sources for those firms that the survivor analysis had previously identified as showing longevity. For added contextualization, the data gathered by this research is then compared with the data found in the literature or gathered directly from company sources in the UK and Japan.

Taking into account the trend for the very largest companies to expand their market share, the results indicate the presence of two basic types of company. The first is a company with an output of around 600,000 units a year that exploits, as far as is realistic, the available economies of scale. This might be termed the prototypical firm since it forms the basic unit of the industry, and an example of which might be Subaru. The problem for such a company is that its relatively narrow product range leaves it exposed to fluctuations in demand since it cannot offer the disaffected consumer any alternative products. Overall, then, it is unable to achieve consistently maximum use of its plants, and the fluctuation in output leads to higher costs.

The second type of firm is one that has passed beyond the prototypical state and taken a strategic course for expansion to become an industry-leading firm. Although larger firms can suffer diseconomies of scale, due to rising R&D and administrative costs, their higher output and wider model ranges are found to diversify risk and reduce the effects of fluctuations in output volume. Like any firm, an industry leader will still suffer from declining popularity of aging models, or even the abject failure of a new product, but there is a much greater likelihood that it will be able to offer the consumer an alternative and thereby maintain a reasonably consistent production output.

Figure 1.2 shows how the prototypical firm enjoys the lowest costs only if it can keep production of its few models within a narrow output range in its half dozen plants, any variation leading to a steep rise in costs. Alternatively, the industry-leading firm does not, even when operating at its most efficient, have the lowest costs in the industry, but the inevitable fluctuation has proportionally less impact. The effect of these fluctuations has been diversified away due to the myriad of products being manufactured in a wide number of flexible plants.
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Figure 1.2 Company cost curves and industry scale curve





While this provides a guide to the problem of scale it does not specify the extent to which the different manufacturing and engineering functions should be internalized within a single, unified firm. The MEPS found for each plant process does not necessarily compel the vertical integration of the plants within a single company's boundary. This is irrespective of the conclusions concerning the MES for the total production system, which refers to all the production processes, not a single firm per se. On the basis of scale alone there is no reason why the different processes, being technically unrelated to each other, should not be sourced from the supply industry. For this reason, it is not possible at this stage to define which company functions should be included in the vertically integrated automobile industry paradigm. To do this, it is necessary to evaluate the extent of the vertical integration of a paradigmatic automobile company using a different theoretical approach.

Whereas Chapter 3 examines the output scale of the different operations, defining the organizational structure requires an understanding of the principles of vertical integration that might be common throughout the automobile industry. This would dictate which elements, or processes, should be included in the proposed automobile industry paradigm. Corporate organization is discussed in Chapter 4, which investigates the structuring forces within industry. There I will follow O. E. Williamson's use of transaction cost analysis (TCA) to examine the dichotomous issue of whether a company should buy a product on the market or make the product itself in an internal company function. This is known as the “make-or-buy” decision.

Internalization of functions results in vertical integration and in Chapter 5 of this book I will propose a model of comprehensive integration, terming this structure the “full-function model.” This is distinct from the term that is often heard, “full vertical integration,” which has no predefined limits. The full-function model is illustrated in Figure 1.3, depicting internalization of the core activities related to automobile manufacturing, including R&D, BIW, powertrain production, and final assembly. Information from the market then feeds back to R&D in order that new models can be developed.

The cost advantage of internalization is that it reduces the economic friction of market-based relationships between the functions, which is often experienced in the form of opportunistic behavior by participants as they exploit an unforeseen advantage. For example, a components firm might use its power as a sole supplier to extract a higher price than was originally agreed. The risk of this happening means that it is not possible simply to engage an external firm, it is necessary to incur the cost of putting all manner of contractual checks in place to ensure that the deal goes ahead as intended. Even then, no contract can anticipate all eventualities, so the risk that the other party may exploit a weakness in the contract for their own benefit can never be completely eradicated.
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Figure 1.3 Typical full-function automobile producer





Klein (2000) has demonstrated that this opportunism is primarily due to the human actors, represented at company level by the senior management. If the external company is internalized then any selfish tactics are effectively neutralized since the benefits accrue within the boundary of an integrated firm. However, those individuals operating inside the firm may still have their own self-serving agendas and this has implications for corporate governance structures. The simplest is the U-Form, which centralizes power with a senior manager who has operational and strategic control over the company. Alternatively, Chandler's concept of the multidivisional M-Form of corporation describes a large firm that has a specialist headquarters in charge of overall strategy, which is served by divisions that make their own operational decisions.

In this research the different governance forms are viewed as coping mechanisms for managing the integrated corporate structure. They are therefore management control structures that are overlaid on the full-function organizational structure of the firm, and they are not, in themselves, forms of organizational structure. Indeed, they appear to add layers of management which accrue additional costs and take the larger firm further into diseconomies of scale. This is not to say that larger firms are inevitably less efficient in their administration, but the separation of a specialist strategic control function implies an exploration of economies of scale in senior management which may not be at all clear.

Leaving the issue of governance to one side, the considerations of economies of scale from Chapter 3 can then be inserted in the full-function model of the automobile industry to produce a theoretical size and structure for an automobile company. The discipline of the resulting corporate format is such that I consider it to represent a paradigm in automobile manufacturing, known simply as the automobile industry paradigm. The MEPS (plant size) and MES (overall production system size) data that was illustrated in Figure 1.2 is thereby combined with the full-function structure shown in Figure 1.3. This results in a model for a prototypical firm which then forms the basic unit for the industry, as illustrated by Figure 1.4 below. Since industry-leading firms expand by the addition of complete plants the firms can be considered to grow by units of MEPS and, in combination with, MES. They can therefore be perceived as multiples of the prototypical firm, albeit with the danger of higher administrative costs which then take the firm into diseconomies of scale.

However, for smaller firms that have not yet reached the prototypical state, the first priority is to construct plants that can achieve this overall optimal output of MES, assuming the market demand is sufficient. It is not possible for a small firm to grow in units of MEPS since the firms have yet to achieve even this level of output for the plants they do operate. Until they have expanded their output to the minimum level of production they will suffer a cost disadvantage in comparison to the prototypical firms that have achieved MEPS for each function and MES overall. Given that this will take a period of time that may be beyond the capabilities of the firm, an alternative in the short term would be to implement a strategy that approximated to the size and structure advantages enjoyed by prototypical firms within the paradigm. Chapter 6 of the book therefore discusses the range of options for approximating to the automobile paradigm. These include exploiting economies of scale through life extension of the product cycle and the more intensive use of the production facilities through flexible manufacturing – although these are both strategies that are available to larger manufacturers. Alternatively, from a structural point of view, an uncompetitive company could achieve lower structural costs if it were able to find a novel form of organization that could replicate the cost advantages of vertical integration. This means forming a relationship with an external company, but not through the external mechanism of the market, since this would carry with it precisely those economic frictions that the full-function integrated structure of the paradigm was able to avoid through internalization. Chapter 6 investigates ways in which the full-function organization can be divisible between partner firms in a manner that accesses the advantages of vertical integration and avoids full internalization.
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Figure 1.4 Automobile industry paradigm





Dussauge et al. (2004) state that two forms of alliance are found to be particularly promising:


	The scale alliance, where partners share functions in order to raise output and exploit economies of scale.

	The link alliance, where partners exchange knowledge, each making a unique contribution.



Scale alliances are found to be long lasting due to the persistent requirement for economies of scale. Conversely, link alliances have been found to last only until the need for knowledge is satisfied or one partner gains an advantage over the other. However, this research uses TCA to suggest that link alliances are more enduring if the partners have ownership of complete and complementary functions. Any learning benefits would then accrue solely to that partner and so eliminate the risk of opportunism where one partner could take advantage of the other. The structure by which this can be achieved is the vertical joint venture (VJV), each partner being assigned to discrete functions which make up the full-function structure. For example, one partner would take responsibility for product development in its entirety, while the other was responsible for all the remaining functions. This is illustrated by Figure 1.5.

Chapter 6 also looks at international differences between potential partners, according to their locations, to show how this can bring additional benefits to a VJV. This focuses on the foreign direct investment (FDI) literature, starting with the work of Hymer and elaborated on by Kindleberger. This is concerned with factor endowment differentiation, which is the manner in which foreign locations can offer distinctly different resources. For example, some developing nations have large pools of low-cost labor. Schott (2003) argues that these differences evolve over time, particularly regarding the growth in wage costs. For a more dynamic aspect, Vernon's product cycle and stage theories of progressive internationalization are introduced. Taking the various theories to be mutually exclusive, Dunning draws their aspects together within the wide ranging eclectic theory, which covers international opportunities in ownership, location, and internalization (OLI).

Strategic theories of FDI, as put forward principally by Cowling and Sugden, suggest that firms may engage in FDI in order to enhance their competitive position relative to rival firms. I have indeed found that firms will expand output capacity in order to diversify risk, much of this expansion taking place overseas. However, FDI is only incidental to this strategy, since the same result could be achieved within the home market if it were large enough to support the output volume. Although strategic theories of FDI are informative, my research is interested primarily in the underlying economic factors that impinge on the industry and, as such, it is these that remain the focus of the study. Instead, factor endowment differentiation can be applied to the VJV structure, such that the respective partners take responsibility for those functions which are already endowed with the relevant factor advantage. To take a specific example: this might result in an American company retaining product development in the US while moving assembly work to India. This discussion concerning the added advantage of selective relocation culminates in the proposal for a structural and global division of the full-function model in the form of an IVJV.
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Figure 1.5 Proposed VJV between development and production partners





The IVJV is particularly pertinent to the demise and partial resurrection of the British mass-market automobile manufacturer, MG Rover. Chapter 7 charts the decline of MG Rover's predecessors, BL and Rover Group, to provide a historical perspective on MG Rover's condition during the period 2000–05. The reasons for the ultimate demise of MG Rover in 2005 are discussed along with the partial failure of the company to enact an IVJV. As an adjunct to the collapse of MG Rover, in Chapter 7 I also discuss the manner in which NAC and SAIC, two Chinese automotive manufacturers, purchased the respective physical and human assets of MG Rover and so pursued variations of the IVJV structure, thus replicating the advantages of the automobile industry paradigm. More recently the two companies have merged, still without undermining the basic format of the IVJV. For clarity, the proposed IVJV, that might have evolved if the alliance between MG Rover and SAIC had gone ahead, is presented in Figure 1.6.

The final chapter in this book, Chapter 8, draws together all the research findings to show how the automobile paradigm challenges the established perspective of the industry. Although output size seems to have become the mantra for the industry, the research indicates that this is inappropriate and that many companies have found that consolidation simply means that they are effectively multiple automobile companies, each needing to pursue the economies of scale by itself. Such multiple full-function firms simply multiply the problems they face.

Ford built just such a multiple full-function structure as it subsumed a clutch of foreign brands. The company has since withdrawn from its strategy of product diversification with the divestment of Aston Martin, Jaguar, and Land Rover so that it can now focus its resources on its traditional heartland, the mass market. Similarly, other large firms have found that their inflated profits from a successful core range can mask inefficiencies elsewhere in the organization. Should the competitive landscape change then these firms might come to regret dissipating their resources in such adventures as robotics, aeronautics, and fanciful concept cars. By contrast, Toyota may now be the world's largest automotive producer but it seems to be able to retain for longer the cost advantages of smaller firms by breaking itself down into a network of quasi-independent units. Indeed, the majority of products manufactured in Japan under the Toyota brand are in fact made by affiliated companies in which Toyota only has a minority holding. This seems to create an element of internal competition that can preclude opportunism and loss of corporate focus.
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Figure 1.6 Proposed IVJV between MG Rover and SAIC





For those firms that exist below the prototypical benchmark of a strictly limited product range manufactured at a rate of 600,000 units a year, the inherent cost disadvantage can only be offset in the long term by external aid, most probably in the form of government support. However, in a free trade regime such aid is prohibited on the grounds that it bestows an unfair advantage on the firm. Normally, full exposure to the global competition would compel a mad rush to reach a world class standard or risk being driven from the market place. Given the brief time available, the IVJV represents an instant alternative for achieving sustainability. The IVJV concept particularly lends itself to firms in emerging economies that can call on substantial production resources but lack abilities in technical development. As I point out in this book, China's SAIC is pursuing just such a strategy in reconstructing the assets of MG Rover. In such cases, the paradigm suggests that the firms should actively promote the international division of their organizational structure in order to exploit the contrasting advantages, even if it means relinquishing control of functions they once held dear.

Once firms have reached the prototypical state, whether alone or as part of a VJV, they enjoy all the cost advantages of being the most suitable size and structure for the current state of the industry paradigm. It must be cautioned, though, that they are vulnerable to rapidly rising costs whenever output is allowed to fluctuate from the optimum. The defense against this is to dampen these fluctuations by devising a range of products that is highly differentiated but conservative in the long term, resulting in stable demand. Thus, a firm such as Subaru should remain committed to its unusual engine technology, four-wheel-drive systems, and distinctive body style. If by such a strategy similar manufacturers can survive, then this should result in greater diversity in the market as each is obliged to find a unique niche to defend.

As for the automobile paradigm itself, like all paradigms it will continue to be refined until it is superseded, but not directly replaced, by a competing paradigm. This is surely likely to happen in the coming decades as oil-based fuel is phased out. If it is true that fuel-cell power represents the next great leap forward in the industry then it is crucial to recognize that this is not a technology that will simply supplant the traditional internal combustion engine. Since the packaging of fuel cells is entirely different to that of the traditional engine it will be possible to design and manufacture vehicles in a distinct new form. This is most clearly demonstrated by GM's “skateboard” platform concept that separates the chassis/frame from the vehicle body. Like a return to the pre-Budd era coachbuilders, such a system might result in vehicle manufacturers being high volume suppliers of platforms to small, localized firms that fit bodies of their own design. This will signify a new paradigm in the organizational structures of firms and the economies of scale that dictate their size.

Yet despite the publicity surrounding fuel cells and other new technology, the future is far from certain. If the new developments are to have any application to personal transport, then the costs and reliability of the technology will have to be sharply lowered. The risks involved are so high that one might even wonder if commercial firms have any business straying outside of their paradigm when there is still so much work to do within it. Indeed, it could be argued that blue skies research into new paradigms should be the preserve of national governments. In the meantime, there is plenty of scope left in the current automobile paradigm for further technical refinement and thus a promising future for automobile manufacturers the world over. The automobile industry as we know it is shaping up to dominate the twenty-first century just like it did the twentieth century. If globalization is a rising tide, then there is no reason why it should not raise the entire automobile industry with it.


CHAPTER 2



Fundamentals of scale

In the course of defining the generic structure of a mass-market automobile manufacturer it is necessary to establish the forces that form the company. These give the firm the structure and size of its operations. The organizational structure of the firm is defined by the degree of vertical integration, involving the decision whether to source production externally or produce internally, known as the make-or-buy decision. The size of operations is defined by the available economies of scale which encourage the firm to adjust output to a point where costs per unit are minimized.

Different industries will have widely variable integration and scale considerations. There can also be variety within industries as different firms utilize resources in their own unique ways. However, if an industry has a defining technology then all the firms operating that system will be drawn into the same set of economic conditions. The firms will then converge on a generic firm structure.

This chapter of the book will illustrate the underlying economic considerations of scale and then demonstrate how they impinge on the automobile industry. As a multiproduct production process, including major components such as engines, transmissions, and steel load-bearing bodies, automobile manufacturing comprises a complex array of industrial activities. Each activity has its own optimum level and these need to be matched in order that the total production process should exploit the available economies of scale. Beyond the production processes there are also economies of scope which bring additional advantages to a firm when adding new products to its range, thereby utilizing existing company facilities more efficiently. Although economies of scope are not derived from the production technology, and therefore do not determine the economies of scale in the industry or the ideal size of firms, by raising overall efficiency they can engender greater sustainability.

2.1 Economies of size

Large firms enjoy a number of benefits over smaller rivals: Pratten (1971) pointed to the power that comes with market dominance. A firm might find it has some monopoly power in setting market prices or extracting lower prices from its suppliers. A larger firm might have political power, able to influence legislation and tax revenue policies in its favor. Internally, larger firms also benefit from team production where members of the team can specialize in tasks (Parkin et al. 1997).

The two main advantages that accrue to a large company are connected with its production capability: economies of scale and economies of scope. Economies of scale are related to technical efficiencies, and industries that experience its effects find that unit costs of production decrease as plant size is increased. It is important for planning purposes to note, however, that beyond a certain point an increased size of plant may be less efficient; progressively larger plants are then said to be experiencing diseconomies of scale. This consideration of optimal size is a core theme of this book since economies of scale indicate the ideal plant size for a firm, and thereby the ideal size for the firm as a whole.

Economies of scope exist when a large firm gains efficiency by more intensive use of its facilities. Although economies of scope are not prescriptive in structuring the firm, and therefore not core to this book, they do indicate where a firm might improve its sustainability. For example, the cost of selling an additional product through a shared distribution system might be less than for a rival selling the same product through a dedicated distribution system. The product itself can also benefit by sharing components or even the specialist knowledge in R&D.

Overview of economies of scale

Cairncross (1966, 106) described two different areas where scale may be found: external economies and internal economies. External economies occur when firms have grown large enough that the industry can support its own infrastructure, made up of, for example, specialist support and trained labor (Sloman 2001, 95). Cairncross (1966, 107) also included economies of concentration – where firms congregate in a single location, a tendency recently promoted by the growth of just-in-time (JIT) methods (Womack et al. 1990). Economies of concentration, then, inhibit geographic spread and promote vertical integration by introducing cost advantages when companies are in close proximity. The decision of a firm to integrate vertically or not will be examined in later chapters. The converse – economies of disintegration – concerns the breaking down of the production process into specialist functions that are better served by separate firms or even industries. This does not necessarily promote global spread but it does enable it and suggests opportunities for divisibility within the production transformation process as a whole. Divisibility of production will be covered in Chapter 6, with specific reference to vertical joint ventures.

Internal economies of scale, on the other hand, are specific to the firm and Cairncross (1966, 108) listed five of them:


	Financial economies: the ability to raise capital more cheaply with increasing returns to scale, so that as the firm expands these advantages show a proportionally larger increase.

	Marketing economies: increasing returns to scale through a mix of growing monopoly powers and increasing use of sales capacity.

	Risk bearing economies: reducing exposure to risk by expanding with increasing returns to scale, though a firm can structure itself to similar effect by diversifying output, markets, and supply.

	Managerial economies: manifested through delegation of detail or functional specialization. Delegation only comes with size, management having its own indivisibility, though beyond a certain size there may result an unwieldy bureaucracy and therefore diseconomies of scale.

	Technical economies of scale: based on production technology.



Technical economies of scale particularly relate to plant size, though the manner in which the technology is used can still distinguish one firm from another. Cairncross (1966, 109) put forward three ways in which a firm may utilize the technology to its own advantage, resulting in economies of superior technique, increased dimensions, and linked processes. Dimensional advantages are clear in, say, a blast furnace where a doubling of its dimensions will increase its potential internal capacity eight times. In contrast, there are instances where there are clear limits to dimensional advantages if they are held back by the nature of the product, such as furniture manufacturing, where there are both constraints on the natural size of wood supplied and the practical dimensions of the final product.

There is also a lower limit to what might be considered to be a production system. Cairncross (1966, 106) stated that there is a qualitative difference between the lone worker and the mechanized production system. To work on a variety of tasks the lone worker must be a generalist, able to vary the intensity and allocation of the work but not be able to delegate functions. At larger volumes a production system must be put in place by an organization, with specialization in tasks by workers and machines. This is particularly characterized by indivisibilities: the inability to break a task down into smaller units.

A plant of a certain size comprising a specified production system can produce for a whole range of outputs but it will be at its best when all the factor inputs are working at their most efficient. This pace of work will be when the average unit production costs are at a minimum, this being the point where the production system is operating as quickly as possible but without affecting the quality of the product or requiring disproportionately higher factor inputs. For example, a bread-making factory is at its most efficient when the conveyer belts are fully loaded and working at the required speed for the bread to be properly baked. In the short run, demand for loaves is likely to fluctuate and it will be necessary to adjust the production volumes. However, to attempt to increase output by raising the temperature of the ovens or accelerating the speed of the conveyers would reduce cooking times and ultimately lead to more loaves of substandard quality being rejected. For those loaves that did make it through, the average cost of baking them would actually rise. If the market demand for loaves slackens, then the number of loaves being baked can be reduced, but since the ovens must be kept at the same temperature the average cost of production for these loaves is also higher. In such a scenario, the only input cost that can be varied is that of the dough itself, all other costs being fixed.

For production systems in general, the most efficient production levels may represent a comparatively narrow band of output compared to the full range that the system can physically operate at, or the minimum average cost may even be denoted by a single level of output. It is at this point that the specific plant is being operated at the most efficient level and this denotes the optimum output level for the plant, i.e. the level of output that generates the minimum short-run average cost. Either side of this point average costs are higher, either because the plant is underemployed or because it is being overworked and diminishing returns to the various factors set in. The firm may accept this if it achieves the planned output, but it should be aware that average costs are not at their minimum. Our breadmaking firm would probably accept that production would have to vary with demand as long as it does not stray too far from the point of greatest efficiency. An alternative tactic might be to hold production constant at the most efficient level and then vary the price in order to maintain sales, discounting being the most common approach. It would be up to the firm to decide which of these short-term tactics were most appropriate, the only option not open to it is to change the fundamental production characteristics of the plant since these are fixed.

This is not the case in the long term. Here, the company can plan for a plant that provides the level of output considered appropriate for the demand it believes exists for the product. For this hypothetical plant the company is free to explore all variable and fixed costs and arrange them as it sees fit. For example, it might decide that production will remain fairly constant and so will decide to invest in machinery. This will have a high fixed cost once it is installed, but this is not a problem as long as the machinery is run at its most efficient rate. Alternatively, the firm might prefer to employ more labor in the belief that employee numbers can be readily adjusted to suit the variability in demand. In either case, it is assumed that a larger plant will offer lower average costs, otherwise the smaller plants could simply be multiplied. It is also assumed that as the scale of the plant increases, drawing in greater factor resources, the relative factor prices will not be affected (Pratten 1971). In practice a very large firm will indeed distort factor prices, particularly by raising local wage rates, but for clarity this is assumed not to happen at the theoretical level.

Of course, once a particular plant has been decided upon then only certain inputs can be readily varied, even as part of a planning exercise. Each plant has its own short-run average cost curve, but, for planning purposes, when all possible plant cost curves are plotted together, then the long-run average cost curve traces a line around all of them, often being referred to as the envelope curve. Taking a long-term view, a company can select the most appropriate plant by inspecting this curve and deducing which size of plant is adjacent to the targeted level of output. Indeed, terming it the long-run average cost curve is misleading since it is not intended to show how costs change over a period of time and Pratten (1971) preferred to label it the scale curve. Nevertheless, the longrun average cost (LAC) curve is the generally accepted terminology. The optimum plant size is the one whose minimum short-run average cost point coincides with the minimum for the long-run average cost curve and is thereby able to exploit all the available economies of scale. This is known as the MEPS.

Although economies of scale are available for almost any process, the search for the technical optimum associated with production – the output level either side of which would incur cost disadvantages – has received most attention because it renders itself amenable to quantifiable analysis. If the technical economies of scale are very large they become a dominant feature of the firm and give the impression that this is the source of the firm's competitive advantage. However, this may mask a lack of economies of scale elsewhere, even diseconomies, particularly in a multiplant firm where a complex bureaucracy may result in diseconomies of scale in management.

A role for economies of scope and integration

Economies of scope are often cited as an additional advantage, usually exploited by large firms that have a wide range of capabilities and resources to draw on. These economies of scope are available when the production system is established and a more intensive approach is made to its usage. In order to exploit the opportunity the minimized costs of production for two goods would have to be less when the system is shared than if the goods were produced separately (Panzar and Willig 1981). Typical examples include the production of mutton and wool, or a delivery person who also reports on neighborhood crime.

The essence of economies of scope is that it accesses additional capacity derived from an existing production system with the result that total output is improved. However, the actual advantage can be difficult to quantify and may in fact represent increased use of existing spare capacity, rather than the opportunity to exploit additional capacity. Since it is derived from an existing production system it is also likely to have only a marginal impact on raising total production levels. For example, there are no economies of scope in a food delivery firm diversifying into mail delivery since it is only possible to do this if the company is failing to entirely fill its vehicles with food deliveries in the first place.

For the increase in scope to bring economies there must be spare capacity available which cannot be used for the existing product. As Clarke (1987, 113) described it, the inputs should be used without “complete congestion.” Such inputs are quasi-public in that they have characteristics in common, as opposed to private inputs which are mutually exclusive. If the production of one good squeezes out the production of another, to the detriment of the cost structure, then economies of scope are not being exploited. Equally, shared production does not mean that economies of scope exist since it might simply be a case of filling otherwise redundant production capacity. Alternatively, exploiting economies of scope may not simply add to existing scale but lead to its increase, as when an R&D function is expanded to allow the engineering teams to take on a wider range of projects. This might result in diseconomies of scale in R&D which are compensated for by economic advantages elsewhere, such as economies of scale in production or economies of scope in the product range.

Where economies of scope exist they can have integration implications for the firm (Panzar and Willig 1981). Multiproduct firms that are supplying goods which have quasi-public inputs have a motivation to integrate in order to access the economies of scope. Credit unions, for example, enjoy economies of scope in supplying a range of financial products and so tend to integrate them (Youn Kim 1986). However, it is not clear how much of the resultant savings are actually due to economies of scope. If it means that the same personnel can sell a range of financial products, pensions, and insurance, for example, then the advantage comes from making greater use of the sales personnel. The alternative would be to employ specialist staff who would find themselves idle while they waited for their customers, unless, of course, demand was high enough to keep all the specialists busy. This, then, is about capacity utilization rather than economies of scope.

Applied to a multiproduct firm with separate functions the emphasis on either scope or scale is delineated only with difficulty. To take, as an example, furniture production: the two manufacturing processes for the wooden frame and the soft coverings are mutually exclusive but the designs are sourced from a common R&D function. The design function has the capability to work on many different styles of furniture, from sofas to sideboards, the knowledge in one being relevant to another. This suggests that economies of scope can be exploited, but for designers to work on one project they must abandon another. Economies of scope would only emerge if the designers could develop a technique in, say, sideboard design and apply it advantageously to sofa design – but in a way that could not have been learnt by specializing solely in sofa design. This is unlikely, and the best that can be said is that designers that divide their time between both products are just going to be busier than those that specialize. This is capacity utilization. Where economies of scope occur it might be in reducing the learning time, for example, of a new design technique being more readily learned in sideboard design than sofa design, although the benefits would be marginal.

This view can be extended to the firm's managers, with managers of multiple divisions simply being busier than managers of single divisions. Clarke (1987) cautioned against viewing a firm as if it were one structured by economies of scope for two reasons. The first is that shareable inputs will compel vertical coordination but not vertical integration. The second is that diversifying in order to fill existing capacity comes within the definition of economies of scale. For this reason, if economies of scope in management exist at all, they will be too weak to be decisive in pushing for an integrated company structure.

Returning to the example of the furniture industry, at the core of the firm are the manufacturing functions for carpentry and textiles. These functions will be brought together within a single firm if it is found to be more cost effective to integrate the functions rather than transact with each other as separate entities regulated by contracts. Since the production processes have no relation to each other there is little opportunity for economies of scope. If R&D is included as another function in the production process then all furniture firms, given the same economic environment, will tend towards the same fundamental organizational structure of functions. Whether this results in the integration of these functions or their trading with each other as separate companies will depend on the relative costs of the two arrangements. For the structure of a multiproduct firm, with technically unrelated functions, the integration decision is concerned with transaction costs (this will be discussed further in Chapter 4). I will continue by looking at the size of each function in terms of the output necessary to exploit the available economies of scale.

2.2 Production costs

The economic fundamentals upon which all companies are founded are based on the role of production costs. At the simplest, the cost of production is a multivariable function taking in all the sources of production costs. Koutsoyiannis (1979) expressed this as follows:

[image: Image]

where C is total cost, X is output, T is technology, and Pf is the price of factors of production.

This can be further simplified if it is accepted that costs ( C) are a function only of output (X) as long as other cost factors are constant. If this were represented graphically, then changes in costs due to output would be found by reading along a cost curve relating X and C, whereas changes in the hitherto constant factors would be shown by a complete shift of the cost curve. Technology (T), for example, includes notions of entrepreneurial and technical innovation resulting in a change in the type or method of production, therefore resulting in a shift in the cost curve.

When considering the long run, all costs may be varied, and so they inform the management as to how to plan for the future. The costs are calculated ex ante and are used to consider the optimal production system for an intended level of output. Long-run cost curves include the firm's internal economies of scale, while external economies of scale are beyond its control and so changes there, inducing changes in factor prices, will bring about shifts in the long-run cost curve. In the short run, however, the production system has been selected. The management is now faced with the fixed costs of the production system that it has put in place, comprising the capital equipment which cannot be changed in the short run and the variable costs over which management does have operational, short-run control.
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Figure 2.1 Fixed cost, variable cost, and total cost in the short run

Short-run costs

Total costs ( TC) of production in the short run are assumed to be either fixed costs (FC) or variable costs (VC) (Sloman 2001, 86). VC are costs that vary with output volume in the short run, taking in supply materials, direct labor, and fixed capital running costs. FC are taken to be those costs that are not amenable to being varied in the short run, such as depreciation, fixed maintenance schedules, and administrative salaries, even if they are variable in the long term. TC is therefore described by the formula:

[image: Image]

Initially, variable factors of production exhibit an increase in productivity as more are employed, as a result of increases in marginal products, resulting from increasing returns to the variable factor. Beyond a certain level of employment, however, inefficiencies develop and diminishing returns to the variable factor set in. VC can therefore be represented by an S-shaped curve (see Figure 2.1), while FC can be represented by a straight line parallel to the output axis, the two representations being summed to arrive at the TC curve.

When looking at the average cost per unit of output, the S-shaped curve for VC translates into a U-shaped, short-run, average, variable cost (SAVC) curve (see Figure 2.2). The initial increase in productivity is expressed as a fall in cost per output or average variable cost until a minimum is reached at the trough in the U-shape at output X1. From there, diminishing returns are experienced and so the SAVC curve shows a positive gradient. Since TC is the sum of FC and VC, the short-run, average, total cost (SATC) is derived in the same way as the SAVC and so similarly results in a U-shaped curve. The SATC, therefore, shows the costs of running the plant as a whole for different levels of output. In studying these curves, management are able to identify the point of minimum costs per unit of production (X2 in Figure 2.2).
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Figure 2.2 Plant cost in the short run





The addition of average fixed costs (AFC) to the SAVC has the effect of shifting the SATC curve up and to the right of SAVC. Close to the origin, FC has a large impact on TC, so the SAVC and the SATC are some distance apart. As output increases due to the greater use of variable inputs, AFC falls and the two curves converge. The relationship of the two curves to the short-run marginal cost (SMC) is such that the SMC intersects the SAVC and SATC at their lowest points, X1 and X2, respectively. The point X2 shows where the firm is operating at its optimum for the whole plant, i.e. the minimum of the SATC. Parkin et al. (1997, 265) described how the intersection of the SMC and SATC represents a point of equilibrium where the firm is capable of breaking even, or earning “normal profit” as the authors refer to it. In terms of revenue, below P1 variable costs are not being covered, so there is no rational reason for production. For any unit price above P1 and output X1 the variable costs are covered and a contribution made to the fixed costs. At price P2 and output X2 all the costs, both fixed and variable, are covered and the plant earns “normal profit.” On the SATC curve any output above or below the optimum denotes higher average costs. In the long run this may put the company at a cost disadvantage in comparison to competitors, so it will need to plan a resizing of the plant. This is covered in the next section dealing with long-run costs.
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Figure 2.3 Alternative plant sizes for long-run planning

Long-run costs

As has been noted previously, in the long-run view all factors of production can be varied because the firm has yet to construct a specific plant. This means complete freedom in the planning of facilities for future production as the firm can look at different plant sizes. According to Pratten (1971, 4) the question facing the firm is as follows: “What would the effect of scale be on the average costs of production of a series of alternative plants built at a point in time, each perfectly adapted to the required scale and operated at that scale?”

The firm is able to consider different plant sizes, each with its own distinctive production systems, based on the current technical knowledge. Rosegger (1986, 72) cautioned that the LAC curve does not describe costs in the long run but reflects the cost structure of a long-term commitment and is therefore a planning aid. The plants are theoretical at this stage but can be realistically costed, ex ante, as part of the planning process. Figure 2.3 shows the SATC for three plant sizes: SATC1, SATC2, and SATC3.

The LAC envelopes the SATC curves for the three plants under consideration. It is drawn as a smooth line on the assumption that there are an infinite variety of plants, not just the three shown. If this were not so and there were only three available plant sizes then the LAC would be scalloped as it traced around the outside of the three plant curves, from one curve intersection to the next (Thompson and Formby 1993, 224). The company would then select the plant size that was best suited to the appropriate level of output in the long run.

If output X1 is planned for then it is clear that the firm would select system SATC1 with average cost C1. At output X2 the firm would need to decide if the new output was for the short or long run. It therefore has a choice between staying with SATC1 and accepting that average costs will rise in the short run to C4, or taking the long-term view and reconstructing around plant SATC2 and benefiting from the lower average costs, C2, in the long run. The crucial decision depends on the future long-run expectations of the firm. Taking the long view, the company uses the LAC to select the plant which, in the long run, will produce the company's planned level of output at the minimum unit cost, but which can, in the short run, cope with temporary increases or decreases in output.

At output X3 the company would be aware that plant SATC3 would not only be the most suitable for the desired output but would also give access to all the economies of scale available. Up to this point increases in plant size would enjoy increasing returns to scale, but beyond this there would be decreasing returns resulting in diseconomies of scale. The minimum point for SATC3 coincides with the minimum of the LAC to denote optimum scale in both the short run and the long run. The LAC is also in tangential contact with SATC1 and SATC2, but not at the minimum points for each curve. Assuming that the production systems are inflexible then, for SATC1 and SATC2, the contact is on the negative slope of the SATC curves, revealing increasing returns to scale. In Figure 2.3 this is shown by output X2 which is achievable, either by underutilizing plant size SATC2 or by overutilizing plant size SATC1, though, as already noted, plant size SATC2 gives rise to a lower unit cost (Thompson and Formby 1993, 225). Those plants that are larger than SATC3 are assumed to suffer diseconomies of scale, perhaps due to the managerial diseconomies described by Cairncross (1966).

The development of long-run costs can also be expressed incrementally by investigating marginal costs (MC). MC in the long run (LMC) is not an envelope curve, since it connects the points on the SMC curves that signify the output where the LAC–SATC curves are in tangential contact. This is clarified by Figure 2.4 which shows the SMC and LMC intersections at outputs Xa and Xm, omitting SATC2 for clarity.

Moreover, Xm marks the intersection of four curves in total such that:

[image: Image]

The firm will choose whichever short-run cost curve gives it the lowest per unit cost in relation to the desired output. Xm, though, brings further advantages because it is the point at which the lowest absolute per unit cost is achieved in the long run, assuming that the firm can justify the level of production. This, then, is the optimum plant size and is the one that can exploit all available economies of scale. The smallest size of plant, or lowest output, that still exploits all available economies of scale is said to have the MES or be the MEPS. The terms MES and MEPS tend to be interchangeable in the literature, although I will use MEPS when referring to specific plant sizes and MES for the firm as a whole, implying a number of plants within the firm, each of which exhibits MEPS. In Figure 2.4, the MES and MEPS are represented by output Xm for a single plant firm.
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Figure 2.4 Marginal cost in the long and short run





In practice, it may prove difficult to define the MEPS since the planning horizon given by the LAC is based on existing technology, and a cost-minimizing, profit-maximizing firm would not seek to offer itself as an experiment in diseconomies of scale. For this reason plant sizes beyond the MEPS tend to be speculative or exploratory in character, rendering the shape of the LAC highly uncertain after the MEPS. Pratten (1971) did not consider the MEPS to have progressed if a newly developed plant doubles the scale but delivers a reduction in total average unit costs of less than 5 percent and a reduction in value added per unit of less than 10 percent. The next section will look at how different shapes of the LAC affect the longterm plans of companies.

Alternative long-run, average, cost curves

The implication of the U-shaped LAC curve is that there is one size of plant that enjoys all the economies of scale and thereafter increasing plant sizes are weighed down by decreasing returns to scale. In other words, the larger plants suffer from increasing unit costs. However, the danger of this occurring may cause companies to avoid exploring the LAC curve beyond the established MEPS and so the precise shape of the curve remains largely conjectural (Pratten 1971).

Indeed, Thompson and Formby (1993) suggested three basic shapes of the LAC curve. In addition to the classic U-shape they suggested curves skewed to the left or to the right, and another in a flat-bottomed saucer shape. The flat curve means that firms with plants of different sizes can operate with the same level of average cost. This should not be taken to mean that a large plant can be run at the same output quantity as a smaller plant for the same average cost, but it does mean that for planning purposes there is a wider choice of outputs, with each denoting an optimum of a particular plant's SATC curve that is equal to that of another plant of a different size. The smallest size of plant that is still on the flat, lowest, section of the curve is the one that has achieved the MEPS and suffers no production cost disadvantage against any other size of plant on the flat section.

The range of LAC curves is not even restricted to these three types, and neither do they need to show smooth, regular shapes. Since the LAC curve is traced around the SATC curves of the various plants, its shape is dictated by their shape and how they are positioned relative to each other. It is quite conceivable that the LAC curve could take on an irregular scalloped profile if the progressions between plant sizes are not sufficiently uniform.

Integrating different production processes

At the plant level there may be supplementary processes which are indivisible. When integrating different processes the optimum output then becomes the optimum for all the processes in combination with one another. Maxcy and Silberston (1959, 76) gave the simple illustration of two machines, A and B, Machine A producing 25,000 items a year to feed Machine B, which has a capacity for 50,000 items a year. To achieve the 50,000 items, though, would mean duplicating Machine A. Problems occur if demand slackens and an output of only 25,000 is achievable, at which point neither Machine B nor the two Machines A are running at their optimum. At this level, the costs for two Machines A are higher than if the company had planned for the lower level and installed only the one Machine A.

Complete processes are often a compound of manufacturing activities like these. For example, forging involves not only molding the parts but also machining them, followed by assembly. There being no common technology between the processes, synchronizing them can be complex. The principle can be extended to entire processes contained within one plant. The optimum for a company is dependent upon the lowest common multiple of the processes that make up the firm's activities (Rhys 1972, 289).

The consolidated figure for all the different outputs would be the optimum for a single production transformation process contained within a plant. Firms do not necessarily structure themselves around this one process, though, and indeed may encompass technically separate plants which provide the main components for assembly into a final, complex product. At the planning stage, the multiplant company would need to be aware that the short-run cost curves for all the plants would need to be synchronized according to the same principles as for individual machines within one process. Moreover, the company would need also to refer to the relevant long-run cost curves for each plant to arrive at a long-run structure for the company as a whole.

Cost curves for the multiplant firm

The multiplant firm is one that manufactures items using technically distinct processes. If the product is kept constant while the plant sizes are varied, which might happen if the plants are of different ages, then, as Thompson and Formby (1993, 396) recommended, three steps are needed to bring the plants into the most technically efficient alignment:


	Step 1: calculate the firm's MC from the various plant MCs.

	Step 2: calculate the most profitable output where overall MC equals overall marginal revenue (MR).

	Step 3: allocate profit maximizing output among the plants so the MCs of the last products at each plant are equal.



This can be expressed by the formula:
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where P1 and P2 are various plant sizes up to plant Pn.

In the case of a multiplant firm manufacturing component parts for a single final product then the plants differ not simply in size but in the fundamental production technology. Synchronizing the output levels so that all are operating at their optimum is eased if they have “reserve capacity” (Koutsoyiannis 1979). This is illustrated by a flat base to the shortrun cost curve, a saucer-shaped curve, and though plants may still have to be multiplied along the same principles as for matching the output of different machines (Maxcy and Silberston 1959) at least the range of optimum values facilitates this process.
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Figure 2.5 The LAC for two plants





At the planning stage, the long-run costs under consideration by the firm are similarly eased if there is a range of optimum values exhibited by the different plants. If plant A has a very sharp, U-shaped LAC then the alignment with plant B's LAC is more easily conducted if that for B has a wide optimum range. This is distinct from the SAC curve: a saucershaped LAC curve means that different sizes of plants can all be operating at the same minimum cost. The firm is not, then, tied to one size of plant for this particular process. While the company might establish one plant A and one plant B, from a planning perspective it can look to expand with varying sizes of plant B without encountering diseconomies of scale. Figure 2.5 shows this for the two plants, A and B, where LACA offers little in the way of alternative plant sizes while LACB has a wide choice of plant sizes. However, if LACB is still flat where the output of LACA is doubled, shown by point 2X1, for two plants of A producing at output X1 to match the output of just one plant of B producing at output 2X1, plant B would result in the lowest unit cost. This introduces an additional degree of flexibility to long-term planning.

The ability to combine plants effectively, such that each is operating at minimum cost, is particularly relevant to industries involving multiple products. The plants are likely to have none or few technical commonalities, and so the only common link is in final assembly. If each manufacturing process comes under the remit of a single company, then it is the company's responsibility to align the plant outputs with each other in order that an overall MES for the company might be achieved. Finding the precise quantity of output necessary for MES can be difficult to calculate but it may be inferred when certain sizes of firms have shown significant longevity. I will now discuss the method for doing this.

2.3 Survivor analysis

As Pratten (1971) pointed out, quantifying economies of scale is fraught with difficulty since it is not possible to inflict experimental research techniques on commercial operations. Neither is it possible simply to assume that the firms that are ranked the highest in terms of output have the greater access to economies of scale since ranks may change without revealing the variation in output quantity that brought about the new rank (Hymer and Pashigian 1962). Instead, Rogers (1993) suggested that the three possible approaches to determining the relationship between plant size and production cost are econometric, engineering, and survivor analysis.

The econometric cost curve estimation appears highly quantifiable but suffers from difficulties in measuring certain costs, such as normal profit and cost of capital. The engineering approach looks at the costs of the inputs, but the cost structure can be skewed by the relative availability of particular factor inputs, thus precluding direct comparisons between plants in different locations. The approach can explain where efficiencies have occurred, but it is not predictive in showing which plant will be the most efficient. In any case, such definition of costs may not be necessary. As Frech and Ginsberg (1974) stated, it is more important to be able to understand that those involved in the activity will strive to maximize some utility function and will therefore alter the size of their organization should they observe one that is better able to maximize it. Altman (1999) asserted that it is only necessary that a firm behaves in a manner that is consistent with its survival. George Stigler (1958, 54) criticized the econometric and engineering approaches for failing to take into account the effectiveness of the inputs: “as if one were trying to measure the nutritive value of goods without knowing whether the consumers who ate them continued to live.”

He proposed an alternative, the survivor principle, which took a retrospective, longitudinal view. This determined economies of scale based on the Darwinian assumption that the companies that out-lasted the competition must enjoy the lowest costs, or, in more general terms, an advantage that was contingent upon the size of their output. The theory proposed that the most efficient company size would take the largest share of the market, and by extension the most efficient company would operate with the most efficient plant size. Stigler used this technique to investigate the existence of economies of scale in the US steel industry, each plant size representing a short-run cost curve tracing out part of the long-run cost curve for the industry. The smallest and largest plants lost market share over the two decades of the study, suggesting that they operated in those parts of the LAC curve that brought decreasing returns to scale or suffered diseconomies of scale. Medium-sized plants tended to survive, suggesting that they operated in the extended flat section at the bottom of the curve.

Stigler's study showed that the survivor approach observes firms converging on an optimally sized MES, or MEPS in the case of a single plant firm, during which time they take an increasing share of the market while their smaller rivals leave the industry or are consolidated into larger groups. This implies that firms that have been in the industry for longer will hold an advantage since they have had more time in which to reach the most efficient size. Dunne and Hughes (1994) tested this amongst British companies and found that the smaller, younger ones showed the greater tendency to grow fast. This suggests that as firms converge on the optimal plant size the rate of increasing returns to scale decelerates, implying a flattening to the LAC curve where growth becomes progressively less important.

Klepper (1996) drew parallels with the product life cycle theories that once a new product has reached maturity it is the manufacturing process that comes to prominence. However, this suggests the emergence of a dominant design for the product, which Klepper considers to be an imprecise concept, particularly where market demand is diverse. Nevertheless, Klepper (2002a) has found that the larger incumbents held the advantage because the R&D costs of innovation could be allocated over a larger output. Over time Klepper states that R&D can be costlessly imitated, and it might be suggested that this would be the point at which small firms could enter with commonly held technology and so expand rapidly. The greater advantage, though, lies with entrant firms that are in some way related to the incumbents, perhaps comprising staff from those firms or being diversifications from related industries (Klepper 2002b). The Ford Motor Company, for example, was the third firm to be founded by Henry Ford and the remnants of the company immediately preceding it even metamorphosed into the Cadillac company under a different management.

The evolution of a firm is therefore better understood if the industry is taken as the unit of analysis, rather than the product, indicating an industry life cycle. Cantner et al. (2006) found that the firm specific factors, such as capital and initial endowments, were major determinants of a new entrant's ability to survive in the long term. Although intensity of competition reduced survivability rates, as any growth in output was directly reflected in market share, if the market as a whole was expanding then this slowed the exit rates from the industry as output could increase, or stabilize, even as market share fell.

Although survivor analysis is useful where market shares are clearly growing in a static market, as Koutsoyiannis (1979) pointed out, this intuitively attractive technique is founded on assumptions that are not always realistic, principally that firms operate under the same set of conditions; Rogers (1993) pointed specifically to the different uses made of capital and labor. Stigler (1958, 57) was not unaware of this: “Since various firms employ different kinds or qualities of resources, there will tend to develop a frequency of distribution of optimum firm sizes.”

Although this suggests that survivor analysis can only result in general indications of optimal output size, there is the additional problem of technical advances, which Pratten (1971) showed will result in plants that have different short-run cost curves. Shepherd (1967) even suggested that industry entrants may employ smaller plants simply because new technology permits them to be operated efficiently at lower outputs. Over an extended period of time the LAC curve may become more a historical record of the industry diversity rather than a scale curve to aid in production planning. It could be argued that new production techniques are firm-specific, and, because they are not available for planning by rivals, they are not, therefore, part of the industry LAC. Makadok (1999) found some basis for this but the effect diminished after a period of around eight years as rivals learnt to imitate each other, referred to by Klepper (2002a) as costless imitation.

Taking this point further, in a globalized industry where the technical factors of production are available to all participants, the principles underlying plants with firm-specific advantages will soon become disseminated throughout the industry. This will have the effect of equalizing technical resources, leaving local labor resources as one that might provide an advantage that can only be imitated by moving to the same location, assuming that the labor resources are effectively unlimited. In such an industry, the short-run cost curves that comprise the industry LAC might, in practice, imply moving plants to different locations to exploit the marginal cost advantages.

Frech and Mobley (1995) noted that a plant may operate in an environment where it receives assistance from its government in some way, and it could be suggested that this would include a requirement for incoming FDI to engage in joint ventures with local firms. The motivation for government policies of this kind is that joint ventures are an effective way of transferring the advantages of the established firms to the smaller entrants. However, if the industry is global then it is likely that government support would only maintain smaller entrants at the local level, while the multinationals continue to enjoy a dominant share of the global market. Leung et al. (2003) have found that large foreign banks were compromised by regulations in Shanghai that favored domestic rivals, which maintained diversity and suppressed dominant market share in the city. However, in terms of total market share, which in an international environment would be global, survivor analysis would still have revealed the overall advantage that the large foreign banks held. This may also explain the finding by Gorg and Strobl (2003) that multinationals are quicker to leave local markets than their domestic rivals when the commercial environment becomes more challenging, since they have other locations within the global market. This is not an option for the government-assisted local companies which only enjoy such assistance in their domestic environment and which is often too small to offer industry-standard economies of scale.

The degree of global market share that would signify the exploitation of economies of scale, though, is difficult to determine. Shepherd (1967) cautioned that the technique is descriptive, rather than normative, and predictions based on the measured trends therefore reveal only the current MES, not necessarily the technical optimum. Growth of market share is therefore observed to be converging on an optimum that can only be inferred, the state of the industry being an indication of the current MES for the firm and, by extension, the MEPS for the plants that comprise it. Indeed, Shepherd suggests that the MEPS is the more reliable measure since the firm as a whole, particularly one of a multinational nature, is subject to a multitude of complex factors. It might be argued, for example, that in the study of foreign banks in Shanghai conducted by Leung et al. (2003) that local market distortions mean that output there should not be included in the foreign banks’ global market share. So, while the total output of the banking firm with the largest market share may not necessarily be exploiting all the available economies of scale in the industry, it is quite valid to assume that its largest branch in a market less encumbered by local distortion is operating at the MEPS.

On this basis, the more that an industry is globally spread the more reliable the survivor analysis, since the various local anomalies will tend to equalize. Furthermore, the survival trends will be more reliable if they are well established over time, based on a shared production technology, one where progressive developments are refinements of the existing system rather than a distinct new system. This particularly applies to the automobile industry as long as it is narrowly confined to the mass-market passenger car manufacturers using the unitary all-steel welded body for their products. There are other technologies available, but it is this load-bearing body that has become the dominant feature of the volume industry, defining both the product and the production system. Since this foundation for the industry became established in the 1920s it can be assumed that the high entry costs mean that plants are only constructed after rigorous economic evaluations, based on long experience, have taken place. On this basis it would be unnecessary for a research program to investigate the minutiae of engineering or econometric costs, the evolution of the industry for the preceding decades being sufficient to establish reliable survival trends.
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