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Abstract: Smith’s theorem on the extent of the market has inspired and mystified economists over generations. Allyn Young (1928) says the theorem is the most informative statement in economics: that the division of labor is limited by the extent of the market. Smith summarizes in this theorem that economic progress is possible through specialization which depends on the extent of the market. In spite of the general recognition of Smith’s theorem, the analytic logic of the theorem is still elusive. I attempt to provide the missing economic logic by considering stochastic demand and the process of public accessibility. The model justifies generalized increasing returns as stochastic demands are met by new specializations and dedicated processes become publicly accessible as intermediate goods. 

I. Introduction

Smith’s theorem on the extent of the market has inspired and mystified economists over generations. Allyn Young (1928) stated to the effect that the theorem is the most informative statement in economics: the division of labor is limited by the extent of the market. In this theorem Smith suggests that economic progress is made possible through specialization which itself depends on the extent of the market. 
In spite of the general recognition of Smith’s theorem as such, the analytic logic of the theorem is still elusive. In this paper I attempt to provide a logic of the theorem by formulating a model for stochastic demand and publicness, a characteristic of goods related to, but more general than, Samuelson’s public or collective consumption good. 

The idea of increasing returns is central to modern developments in endogenous growth theory and the new trade theory. Though Smith’s theorem is considered as providing the original idea for the role of increasing returns in economic progress and trade, the current developments in endogenous growth and trade theory are based on different or non-Smithean origins of increasing returns. Economists accept the notion that increasing returns of some sort are responsible for economic progress. To Lucas (1988) a version of Marshall’s external economies provides the source of increasing returns, and Romer (1990) finds that the nonrival nature of scientific knowledge insures the presence of external economies in knowledge production. Krugman and Ethier find monopolistic competition as the vehicle for increasing returns in international trade. 
Though these authors have identified and formulated plausible causes for increasing returns, they did not touch on the analytical core of specialization and the extent of the market as suggested by Adam Smith. Unlike Allyn Young, economists today are inclined to pursue a narrow scientific approach. The better a model fits the data, the truer is the model, so to speak. In some extreme cases, economists’ research strategy has become that of looking for ad hoc assumptions to fit the data at the possible expense of economic logic. This seemingly scientific approach is responsible for a sort of scientific nihilism in economics. I am concerned with economic logic of Smith’s theorem and propose a model analytically different from those based on neoclassical framework. 

I first consider stochastic demand and demonstrate how specialization becomes productive as the extent of the market expands. Then I introduce publicness that becomes the source of generalized increasing returns. Some goods, most goods, require intermediate processes for final output. The intermediate processes are dedicated or internal to the production process. Such intermediate processes become publicly accessible as intermediate goods when aggregate purchasing power becomes sufficient to cover the opportunity cost of specialization. Also goods and services can be dedicated to personal consumption. Samuelson’s concept of public good being nonrival meets this condition for publicness. 

As an example of publicness that is not at the same time a pure public good in the Samuelsonian sense, let me consider the stochastic demand for desk. The stochastic demand for desk is met when there is sufficient demand. As the extent of the market involves at least 100 persons, a specialist desk maker will emerge. Desk is a durable good which expands the extent of the market in a way different from perishable services would. We note that perishable services are also provided by specialists such as professional dancers. The desk maker would cut down logs and prepare wood panels before he can manufacture a desk. There are other kinds of stochastic demand that uses wood panels: chest, cabinets, etc. Just like the case of desk maker, the demand for wood panels can be met by chest maker, cabinet maker, who would otherwise have to prepare wood panels by themselves. However, the stochastic demand together may justify a specialist who prepares wood panels. In this way, what used to be a dedicated process to the desk maker becomes a job for a specialist who sells wood panels to desk maker, chest maker, and cabinet maker, etc. The extent of the market has been expanded by this process of publicness. 

 Economists agree that economic progress is associated with technological improvement; and that technical knowledge is a public good. In section III provides a different characterization of scientific knowledge, which is understood as offering the key to unlock the abundance concealed in nature. Section IV concludes the paper. 

II. Aspect of Publicness and Specialization

Before a formal discussion, the concept of stochastic demand and publicness can be evoked by another example of village and fireman. Suppose each village person faces 0.01 prospect of fire on any day. If there is a fire watchman, fire can be prevented with certainty. So the value of watchman is 0.01 of the value of the house for each villager. We adjust the value of the house equal to the value of a day’s work, which is set to one. The expected damage is 0.01 which is the amount a villager is willing to pay for a fire watchman but cannot afford individually. It requires 101 persons to make fire watch viable. Fire elimination is partitionable because fire on a particular house is probabilistically independent from fire on other houses. We assume there is no spillover chance of fire. 
In our case of fire watch, the publicness comes in via the shared cost. This way we get Smith theorem validated, if there are goods like this in a sea of goods. Insurance satisfies the property of publicness by sharing costs. Each person need insurance, but insurance becomes economically viable only when there are enough people above the critical mass. 
If goods are rival and excludable as assumed in neoclassical theory of general equilibrium, then steady state equilibrium will emerge from economic interactions. Replicating the economy and increasing the extent of the market will not change per capita income. For Smith’s theorem to hold and economic progress to be possible, the economy would not be characterized by the neoclassical assumptions. As the basic element of analysis we consider the individual consumer-producer as an economic agent, rather than the familiar neoclassical dichotomy of supply and demand or consumer and producer. (Houthakker (1957) and Yang (2000) follow the consumer-producer approach.) 
Instead of preference structure, a man is represented by a bundle of probabilities over consumption goods. The agents are natural equals in all economically relevant aspects, and face a sea of goods and technologies. A sea of goods consists of goods that are imagined and might be realized when specialization in their production becomes economically viable. As a mooring for further analysis, a “unit of good” is defined in an unambiguous way. A person may specialize in the production of a particular good, and the amount produced by one day’s labor is “one unit of the good.”    


Given a sea of goods x1, x2, …, if the preferences are lexicographical, each good will be produced in autarky. If the preferences allow smooth substitution between different goods, each person in autarky will produce only a finite number of goods. For our analysis, preferences are assumed to allow smooth substitution.


The production function of a consumer-producer may exhibits localized increasing returns to his labor input. Houthakker (1957) justifies this assumption by considering the cost of switching from one task to another, while Yang (2000) assumes learning by doing that enhances the productivity. We may assume a smooth production function that can be expressed by an algebraic form,

(1)
x = Lxa, a > 1 and 1 < Lx < L



where Lx is the labor input devoted to the production of good x and L is the labor endowment. Notation x indicates good x as well as the amount of good x. Fig. 1.a illustrates the production possibility frontier.   


If production requires commitment as in the extreme case of the L-shaped production possibility frontier in Fig. 1.b, an economic agent will produce only one kind of good. In this case, it is impossible to produce two kinds of goods because the switching costs are prohibitively high. When the production possibility frontier is a smooth convex curve as in Fig. 1.a, more than one kind of goods may be produced in personal autarky. 

(Note: the figures will be provided later.)
Specialization and Trade: Buchanan’s Theory of Club

The natural equals face a sea of goods, and their preferences allow smooth substitution between goods. When trade is possible, natural equals may produce goods for exchange as well as her own personal consumption. Gains from trade do not necessarily mean equal benefits, whichever way the benefit is defined or measured. But for the case of trade among natural equals, a result that may emerge is an equal consumption bundle for each person. Each day individuals decide what to produce, and, if the result of exchange is not as favorable as expected, production can be changed the next day. This is because of our assumption that the production commitment applies only to that day. Since nobody has an advantage in capacity over others, repeated interactions between individuals will result in equal consumption bundle if they ever reach equilibrium. A game theoretic argument may address this issue, but we follow a different approach. 
We first consider a club of production-exchange nexus and impose the equal consumption bundle and examine the pattern of specialization between individuals. It will be shown that, as the extent of the market expands, more persons in the club in this analysis, club(s) will disappear. Without forming a club, persons will behave as if in the optimal club arrangement.    


In the extreme case of the L-shaped production possibility frontier in Fig.1.b, we consider two possible cases of preferences. In a two person economy or club, one person may specialize in producing good x1 and the other person in good x2. In Fig. 2.a the indifference curve at B(1, 0) crosses the line connecting B and B’(0, 1), while the indifference curve does not cross in Fig.2.b. It turns out that we can restrict our analysis to the first case only. Because of the way we defined unit of good, the production-exchange cannot happen above the line BB’ or the hyper-plane in the higher dimensions. Persons are not willing to produce the ordinate good in Fig.2.b even if production were by constant returns to scale. Even if he can produce both goods by constant returns, without any loss of fixed costs, for instance, he is not willing to produce the ordinate good x2. If this is the case with all goods other than x1, we are back to the autarky in which everybody produces and consumes only x1. We analyze an economy of gregarious tastes. As is suggested by this argument, the result of specialization and trade, in the limit, allows us to treat the aggregate production as if by constant returns to scale.   


Initially consider the case in which each person in a club of two will specialize and produce different goods and trade, and each person will consume the bundle (1/2, 1/2). Indifference curves in Fig. 2.a indicate that each consumer would be better off if they could consume more of x1 and less of good x2. We demonstrate that, as the number of persons increase, specialize and trade allow them achieve the higher position in their indifference curve. 


Now consider the smooth Production Possibility Frontier and the indifference curve that indicates x1 (good One) is preferred to x2 (good Two). See Fig.3. The indifference curve touches the production possibility frontier at a point which is closer to the x-axis and away from the y-axis. The bundle is the autarky production-consumption for each person. The two persons will recognize gains from specialization and trade. Suppose person I specializes fully in x1 good, at B(1, 0), and person II produces both x1 and x2, say at C(x1, y1). The terms of trade will be determined by the line connecting B and C. 


To describe the trading process, person I moves toward M, the middle point, by selling x1 and buying x2 good, and person I moves toward M by buying x1 and selling x2 good. When person II reaches, say A, the point of tangency between his indifference curve and the trading possibility line, person I may want to stop trade there. But such trade cannot continue day after day, as our condition of equal consumption bundle indicates. The two will reach the middle point M. We trace such midpoints as person II varies his production bundle, until we reach M*. The curve connecting B and M* is the locus of equal consumption bundle. We trace the point of tangency between person I’s indifference curve and the trading possibility line until we reach A* on the line BB’. Note that, because of the preferences assumed in Fig. 2.a, A* is located to the right of M*. 


Now consider the indifference curve through M*. Suppose the indifference curve is above the BM* at M*. Then, the two persons of the club will agree to fully specialize in production of different goods. Suppose the indifference curve crosses the curve BM* of equal consumption bundles at two places, M* and E in Fig. 3. Each individual is indifferent between the consumption bundle M* and the bundle E. However, the two persons will settle at E*, the tangency of indifference curve to the curve BM* of equal consumption bundles. This exercise indicates that the club will settle without full specialization.      


As a third person joins the club, would a third good x3 become economically viable? This sounds a difficult question to answer. But with our definition of ‘unit of good’, the answer is rather simple. Each person asks the question; if production is constant returns to scale and production possibility frontier is the hyper-plane, would the third good be produced in autarky? If the answer is affirmative, then the third good will be produced. The consumption bundle, however, will not be the tangency point on the hyper-plane. As the size of club increases, the same exercise applies. In this way the consumption bundle of each person will approach the tangency of indifference curve and the n-dimensional hyper-plane. The club is not binding anymore because of the adjustment made by different number of consumer-producers specializing in the production of different goods.


III. Economics of Knowledge and Publicness 
The exercise above shows that specialization is a source of increasing returns even for goods that are rival and excludable. The extent of the market expands as more consumer-producers join and, as a consequence, each person specializes and consumes his optimal consumption bundle on the hyper-plane of the commodity space. 

In this subsection I analyze the publicness of goods that becomes the source of generalized increasing returns. Consider again each person in autarky. Some goods like meat can be consumed only once in a while by hunting a buffalo. Because of the difficulty of storage, only a small portion of the nature’s abundance will be consumed and the rest will decay and disappear. For illustration consider two persons each consuming buffalo meat and apples. Each person can hunt buffalo and plant apple trees at his fence. But what is produced and not consumed soon will disappear because of the storage difficulty. Their actual consumption possibility is much lower than what they produce. In Fig.5 A and B indicates the amount of apple and buffalo meat produced. But their consumption in autarky is the line connecting a and b. As they specialize in each good, their trade possibility and consumption possibility line becomes the production possibility frontier connecting A and B. Radio wave is worth mentioning because of its technology. Nature produces abundance of wave signal to all directions in three dimensional space while the dedicated radio uses only the beam between two posts. When radio wave is made publicly accessible, the size of joint production depends on the number of users. 
As a revealing example of publicness that is not pure public good, we consider a pin factory. A pin factory may have a dedicated mine but that mine is used only once in a while when the factory need raw iron bars to make pins. As the extent of the market expands, somebody specializes in running the mine which becomes publicly accessible. The mine which used to be idle most of the time becomes the source of increasing returns. On the other hand, stochastic demand for different goods that use iron bar as intermediate inputs will also justify a specialized mine that produces iron bar. The publicness process expands the extent of the market. 
In this way, we can explain technical knowledge produced by specialists, scientist and engineers, within the paradigm of Smith’s theorem. Adam Smith saw the world before the industrial revolution. Some authors ask whether Smith’s theorem has relevance to the economic progress after industrial revolution. Economic historian Wrigley (1988) and development economist Deepak Lal (1998) argue that Smith’s theorem is institutional theory and the technological progress has different logic to economic growth after industrial revolution. I have argued above that Smith’s theorem applies to technology as well. It is not clear whether the authors of new growth theory share the same perspective as Wrigley and Lal. 

To illustrate the different logic my model offers, I discuss other models for increasing returns. They are the Lucas model based on Marshall’s externality, Romer’s model based on knowledge public good, and X. Yang’s model for specialization. In Lucas, increasing returns is endogenous because of the way human capital accumulates. That is, let H denote the amount of human capital, then, because of the external effect of human capital, Lucas assumes that the aggregate change or increases follows the following relationship, 

Ht+1 – Ht = k Ht 

Such assumption is destined to generate increasing returns because


Ht+1 = (1+k) Ht = (1+k)t H0
Likewise, in Romer (1990), the knowledge A being public good the production knowledge from knowledge follows the same path as the externality case. The difference is that Romer considers the market structure of monopolistic competition, while Lucas considers competition. Their results on increasing returns and economic progress depend on their assumptions and not economic logic. X. Yang (2000) considers a model in which each person produces by increasing returns from the given number of goods. Yang shows that the extent of the market determined by tariff or transaction costs determines the level of specialization in the economy.   

IV. Conclusion

As Solow notes, economic growth theory began with The Wealth of Nations. The economic logic of Smith’s extent of the market theorem has been poorly understood. We have demonstrated that generalized increasing returns become possible under the parsimony of stochastic demand and publicness. Authors in new growth theory emphasize that economic progress is associated with technical improvements. It would be difficult for economists to restrain the impulse to relate the two and believe we understand the economic progress. It is a poor science to believe that economic growth or growth in anything is caused by growth in something. What the paper has achieved or attempted to achieve is that Smith’s theorem applies whether or not the growth has been led by endogenous growth in technical knowledge. 
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