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  Foreword


  As an economist Israel Kirzner is best known for his contributions to the theory of entrepreneurship. His renown in this area extends into the literature on management studies where recently his insights have become the focus of spirited discussions about the discovery of entrepreneurial opportunities. Ranging from his view of the entrepreneur as essentially a complex intertemporal arbitrageur (1973) to the ethics of entrepreneurship as value-creation analogous to the “finders-keepers” doctrine (1989), this body of work constitutes a professional lifetime of impressive and influential achievements.


  Three early full-length works of his deal with other subjects. The first, based on his doctoral dissertation under Ludwig von Mises, The Economic Point of View (1960), is something of an Austrian Economics classic—an in-depth methodological examination of the means-ends framework of human action in a dynamic, open-ended social world. The second is a work on the principles of microeconomics from an Austrian perspective, Market Theory and the Price System (1963) accessible to economists ignorant of the Austrian School. It is a work that is deserving of more attention, even today. The third is this book, An Essay on Capital, originally published in 1966.


  It is a rather unusual work, a work at once embedded in the controversies of the past yet transcending its temporal context. Capital theory is arguably the most esoteric and complex topic in pure economic theory, made moreso by the notorious controversies that surround it. Yet, the Austrian Theory of Capital, from Menger to Böhm-Bawerk to Hayek to Lachmann, is also the most well-known contribution of the Austrian School. At the time this book was written, however, capital theory had moved far out of the spotlight that it had occupied at various times in the preceding decades. The Austrian revival of 1974 had not yet begun. Ludwig Lachmann’s Capital and its Structure had been published in 1956 and had received little attention. So it was, for these reasons, an ambitious work, received nevertheless, with the praise it deserved as a scholarly tour de force.


  Its republication now is timely. Once again, if not within the pages of mainstream economics, certainly within those of mainline economics (in the political-economic tradition from Adam Smith to Friedrich Hayek), the nature and role of capital is under investigation. As a result of the Austrian revival, new generations of Austrian scholars are eagerly exploring this legacy. Kirzner’s Essay on Capital will reward their curiosity handsomely. Capital is at the core of not only entrepreneurial activity, forming the calculational framework necessary for entrepreneurial perception and action, it is also central to Austrian Business Cycle theory, and, more generally, to the perils of government regulation (1983). It is crucial to understand the essentials of capital if one wants to understand the essentials of capitalism. This book is an invaluable and enduring contribution toward that end.


  An Essay on Capital is composed of four sub-essays. Each is an examination of a particular aspect of capital theory. Upfront is perhaps Kirzner’s most original contribution to the subject—the proposition that capital-goods must be viewed as ‘unfinished plans’. It is a logical application of the principles of methodological individualism and methodological subjectivism - applied to human action within the stream of real time. Time is of the essence in capital. Capital is the way that individual producers can plan for events distributed over time in the future. The individual production plan involves the assembly and use of heterogeneous productive resources over time with the aim of producing valuable outputs for sale. These resources draw their economic meaning from this singular purpose. There is no other way to intelligently comprehend them. They are a part of someone’s ongoing, unfinished production plan. In the first chapter Kirzner provides a compelling account of capital-goods as unfinished plans exploring the implications of this approach. Different individuals have plans based on different expectations of the future, some of them contradictory. Thus, individual plans are codependent, may be contradictory, and may fail, in whole or in part, and have to be reformulated through time as individual decision-makers struggle to adapt. Production plans are necessarily multi-period plans, an implication that bears on the perennial issue of ‘how much’ time is involved in any production process, the subject of chapter 3.


  The relationship of Austrian theorists, and capital theorists in particular, to Frank Knight, is a highly ambiguous one. In many ways Knight’s work is very Austrian in character, as in his view of the entrepreneur for example (1921). And, in some ways, this is even true of his views on capital, albeit that he was a severe critic of Hayek’s capital theory. His view of capital in the macro-economy is something of a puzzle in that he provides no account of how individual production plans are integrated to yield what he sees as a permanent source of consumption services. For Knight, capital is a stock that inexorably yields a permanent flow of consumption services. Knight may well be helpful when he opines that “What is in fact consumed in economic life is exclusively [flows of] services, and accordingly, the primary meaning of production is the rendering of [a flow of] service”, yet rather unhelpful when he invites us to view the macroeconomic world in terms of an indestructible capital stock yielding a perpetual consumption flow. In chapter 2 Kirzner investigates the nature of stocks and flows in economics, of which Knight’s view is but one aspect, an important aspect. Clarity on this is vitally important for an understanding of capital theory, and, indeed, for understanding economics.


  Eugen von Böhm-Bawerk was the most influential contributor to the theory that became known as the Austrian Theory of Capital. Yet, Carl Menger, the founder of the school, was less than enthusiastic about particular aspects of Böhm-Bawerk’s work. In his treatment of the role of time in production Böhm-Bawerk had departed from the vision of his mentor-predecessor. Indeed, this aspect of Böhm-Bawerk’s capital theory, namely, the characterization of time in production processes, became the source of energetic controversy. At the center is Böhm-Bawerk’s attempt to measure the ‘quantity’ of time involved in any production process. As a simplification he offered a formulation known as the ‘average period of production’. It turns out that this formulation contains serious internal tensions and contradictions. The controversy surrounding these issues, which returned again in slight variation in debates surrounding Hayek’s use of Böhm-Bawerk’s ideas in discussing the business cycle in the 1930’s and 1940’s, detracted from understanding the connection between time and production in individual decision-making. A key distinction is that between time in production conceived in a backward-looking historical perspective and time in production from a forward-looking perspective. It is the latter that is the authentic Austrian approach. In chapter 3 Kirzner seeks to clarify.


  Capital is a difficult subject in part because it has a time, a quantity, and a value dimension. Controversies about time and capital are only one aspect of the general issue of how to measure, how to calibrate, capital. This is the subject of chapter 4 in which Kirzner relates these considerations to the then current developments in neoclassical mainstream economics, most particularly to the emerging literature on economic growth and the aggregate production-function. Kirzner explains the incoherence of the notion of ‘quantity of capital’ as an economy-wide aggregate. In this Kirzner was something of an unnoticed pioneer. Franklin Fisher (1993) has since provided a devastating immanent critique of the neoclassical production function literature. Yet, Kirzner was also channeling some aspects of the view of his teacher Ludwig von Mises in explaining that for the individual producer the only way to ‘quantify’ capital is to ‘value’ it (Braun et al. 2016).


  In this Essay Kirzner is at his articulate systematic best. Each chapter builds carefully on those preceding it to yield a penetrating and comprehensive view of a fascinating subject. I envy the reader entering here for the first time and am delighted to provide these few words by way of introduction to the republication of this important work.


  Peter Lewin


  Dallas, July 2017
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  PREFACE


  This little book was written with the purpose of helping to clarify some of the conceptual problems that surround the foundations of capital theory. Much of recent theories of growth, as well as the more traditional microeconomic theories of investment, depend on capital notions. While this essay does not attempt to come to grips substantively with these problems, it is hoped that its discussions will prove of value to workers in these fields.


  The author’s debt to the literature is, despite the possibly over-critical tone of the essay, very great and very gratefully acknowledged. Despite the author’s dissatisfaction with much of the presentation of “Austrian” capital theory, it is from the great writers in this tradition, from Böhm-Bawerk, Fisher, and Wicksell, to Mises, Hayek, and Lachmann, that he has, directly or indirectly, learned most of what is here set forth.


  The author is deeply grateful for research support that made this work possible. In particular are to be mentioned the Reim Foundation, and the Research Office of the Schools of Business of New York University. To Professor Robert Lindsay the author is deeply indebted for encouragement given in a number of ways. Some of the ideas set forth in this book were presented to a faculty seminar at New York University; the author’s thanks for helpful critical comments then expressed go particularly to Professors Solomon Fabricant and Arnold Sametz. Professor Mises kindly read the final manuscript draft and offered valuable criticism. To all these the author is conscious of a debt of gratitude; he holds none of them to blame for inadequacies in the finished product.


  Nora Greig performed an efficient and expeditious task of typing the manuscript. The thanks due to the author’s wife for her help during the painful months prior to this book’s publication are not capable of being set down on paper.


  Israel M. Kirzner


  CHAPTER ONE


  UNFINISHED PLANS


  Introduction


  In economics, more than in other sciences, a good theory is a structure of which the foundations consist of clearly defined concepts. Economists have, indeed, long recognized the substantive importance to their discipline, of careful definitions. The ability to define usefully the terms used in theoretical economic discussion, turns out almost invariably to call for the very same insight into economic processes that is required for the enunciation of theoretical propositions themselves. Differences in the definitions assigned to key terms usually turn out to reflect differences in the understanding of the nature of the economic processes to which these terms are relevant. In probably no department of economic science is this more obviously the case than in that of the theory of capital. As long ago as 1836 Whately found that eight of the leading writers on political economy presented divergent views on the nature of capital.[1] More recently Solow has remarked that a man from Mars reading the literature on capital theory would be bewildered by the multitude of the connotations of the term capital, ranging from stocks of consumer goods for the maintenance of workers, to wine and growing trees, to durable buildings and machinery, and so on.[2] And the characteristic difficulties and controversies that have complicated modern theories of capital are closely bound up with these differing concepts of capital.


  In the present essay we are not ambitious enough to set out to develop a Theory of Capital. On the other hand, we are not seeking merely a definition of “capital”, (in fact, we are only tangentially concerned with definitions). What we seek is an insight into those economic processes in which capital emerges, and which capital theory hopes to illumine. Such an insight is, of course, a prerequisite for capital theory proper—it may be described as a “prologue to capital theory”. And it will provide us with a framework within which to examine and criticize some of the more important of the different notions held to be essential to an understanding of the role of capital in the economic system. In the present chapter such a framework is presented. The subsequent chapters then critically examine some of the more important ideas and problems commonly associated with capital.


  A Digression on Method


  The understanding of the nature of capital, and of the economic process in a capital-using market economy, that will be developed in this chapter is based on a consistently-followed approach. This approach sees economic theory as the extensively worked out logic of acts of individual choice.[3] The light which the economic theorist can throw on an economic process, or on the outcome of such a process, is viewed as deriving from his ability to relate back the process to the individual acts of choice of which the process is made up. Through the theorist’s understanding of the decisions made by individuals, and of the way in which these decisions have mutual impact upon one another, and become mutually adjusted to one another, he is able to “explain” the course of economic events, and to understand the probable results that will follow from given exogenous changes operating on the system.


  While it may be submitted that the theory of the market as traditionally developed, does (at least implicitly) follow this approach, it will be argued in this essay that capital theorists have on the whole, and with unfortunate results, abandoned it. We will in this essay insist on relating everything that is to be said about capital, back to our fundamental unit of analysis, the individual decision. At every step we will describe the objects that are present in the economy in terms of the past decisions responsible for their presence, or in terms of the opportunities for further decisions that their presence makes possible.


  
    “The generic concept of capital... has no measurable counterpart among material objects; it reflects the entrepreneurial appraisal of such objects. Beer barrels and blast-furnaces, harbour installations and hotel-room furniture are capital not by virtue of their physical properties but by virtue of their economic functions.”[4]

  


  We will describe the economic processes in which capital plays a part, (or in the course of which changes occur in capital), in terms of the individual plans, choices and decisions of which these processes consist. And when in subsequent chapters, we turn to examine some of the problems which writers on capital theory have encountered, we will almost invariably find that these have arisen out of a failure to view things from the point of view of individual plans, and out of attempts to see capital as something that could be understood and manipulated on its own, without explicit consideration of the relevant choices made by purposeful human beings.


  Individual Decisions and the Market


  Our framework of thought will, therefore, be as follows. Each individual in the market economy is at all times seeking to fulfil his purposes (whatever they may be at the time) to the fullest extent permitted by (a) the resources he has at his disposal and (b) the opportunities which, to his knowledge, make it possible to turn his resources to account. These latter opportunities are, in turn, determined by the individual’s knowledge of relevant technological possibilities and by his knowledge of opportunities for exchange (either of resources or of products) that exist in the market. His decisions, (and in particular the bids and offers he makes to the market) seek to exploit these technological and market opportunities of which he is aware. At the same time these exchange opportunities that are available in the market are determined by the decisions which the other market participants are making, in their pursuit of their own purposes, in the light of the opportunities that they find available to them. The market process consists in the systematic chain of events that ensue from the interaction in the market of the decisions of numerous participants. These decision-makers find, at the outset, that the opportunities that are in fact being offered to them in the market (by virtue of the decisions of others) are different (either more or less attractive) than those originally expected. From the lessons learned in the market in this way, there follows a systematic pattern of adjustment and revision in the decisions made by market participants. This pattern of adjustment constitutes the market process.[5]


  Now, this analytical framework is applicable in the first place to an economy in which capital is completely absent—the “kapitallose Wirtschaft”. What it is proposed to do in this essay is to extend explicitly this same framework of analysis to the consideration of an economy in which capital plays a role both in individual decisions and in market activity. We will first inquire into the capital-relevant decisions of the individual, against the background of assumed given market opportunities. We will then proceed to consider, in barest outline, the manner in which adjustments and revisions will be enforced upon such individual capital-relevant decisions as a result of the interaction in the market place of such decisions made by numerous market participants. The insights obtained from such an approach will, it is hoped, throw light on the nature of “capital,” and provide pointers towards the full development of capital theory.


  We will find it to our advantage to proceed very slowly. We must contemplate the kinds of plans which individuals make, we must thoroughly “feel” the opportunities envisaged at the outset, and the way in which, as time goes on, the individual perceives these opportunities to be affected by the actions which he has already undertaken. All this may not seem very exciting; after all we are all continually experiencing precisely these processes. But, as elsewhere in economic theory, progress will be found to follow careful and patient analysis of the pattern of everyday decision-making. We turn then, first to consider the world of the individual, and, as elsewhere, it will prove useful to do this initially in the most individual of all possible worlds, that of Crusoe.


  The Decisions of Crusoe: Multi-period Decisions


  Crusoe finds himself equipped with definite resources. These are of a number of different kinds. He has land and other natural resources at his disposal; he has some tools; he expects to be able to work at some level of intensity for some number of hours per week. His level of technological knowledge will then identify for Crusoe the array of production opportunities that these resources permit him to choose from. Any program of production that he undertakes involves costs. As seen by the economist the cost to Crusoe of the production program that he adopts, consists in the opportunities that he has rejected in order to exploit the program that he has adopted. The rejected opportunities include in the first place the possibilities that were available to Crusoe to enjoy his resources in direct consumption (he could e.g. have employed his land and his time for sunbathing, instead of for production). In addition the rejected opportunities include all the possible programs of production (leading either to the same products as are being produced by the adopted program, or to different products) that might have been embraced instead.


  Since both consumption and production take time, the alternative consumption and production opportunities considered by Crusoe each consists of a possible course of action over a period of time. What Crusoe has to choose from, is not merely whether to produce apples or pears (as if he were standing before a machine that will vend both or either of these products at the press of the appropriate buttons). He must choose between one time consuming process of production (in which resources must be applied at definite dates, and from which apples will be yielded at some similarly definite date,) and another time consuming process (in which possibly the different resources must be applied at a different set of dates, yielding pears at some possibly different date). Crusoe’s planning is, in other words, multi-period planning. The costs that he incurs through a decision are multi-period costs.


  A word of clarification may be in order in this regard. A person may lie back and plan out future courses of activity that do not involve any immediate actions. A man may plan to spend his next summer in Asia, the following one in Africa, and the one after that in Europe. But he may not be called upon or even able to do anything about these plans, for the time being. The successful accomplishment of these plans depend on actions that need to be or can be taken only in the fairly distant future. For multi-period plans of this kind, Crusoe may indeed make decisions now, but he is well aware that such decisions can be revoked at will for some time still to come. Multi-period plans of this kind are, as yet, clearly not very important.


  But there is room for a far more important class of multi-period plans. Crusoe may, for example, plan to grow wheat. This plan involves the decision to plow now, together with the intention of sowing and harvesting at appropriate dates in the future. Before Crusoe plows his land, the opportunity to grow wheat is one out of an array of competing production programs each of which, let us say, calls for some immediate initial action. While the respective initial actions may each be only small steps on the way to the final respective goals, the decision to make one such initial act is a decision to embark on the long range production program of which this initial act is the first step. Insofar as a plowed field precludes at least temporarily the carrying out of certain alternative possible production programs, the decision to plow is more than a decision to plow, it is a decision to grow wheat. The decision to plow is part of a genuine multi-period plan. The essence of a plan is that each of the activities embraced in the plan is coordinated with the other planned activities. Each portion of the plan “fits in” with the other portions: it depends on their fulfilment, and their fulfilment depends on its fulfilment. A multi-period plan of the kind we are considering, is in similar case. The activities which such a plan calls for currently, “fit in” with those which the plan envisages for the future. Plowing now, is required if the sowing and harvesting planned for the future is to be able to be carried out. And the current plowing is undertaken only on the assumption that future sowing and harvesting will in fact be undertaken as well.


  It is now of importance to examine Crusoe’s position and outlook at three different points in time. We must appraise his situation (a) before he has taken any steps towards the implementation of a multi-period plan; (b) after a multi-period plan has been successfully executed in full as originally planned; and, (what will be most important for this essay) (c) at some intermediate point in time, when the course of actions envisaged by the multi-period plan have been commenced, but have not yet been completed.


  (a) Before the initial steps of the multi-period plan have been undertaken, Crusoe has nothing to look back on except completed history. Whatever he may have done in the past has been done. He recognizes, of course, that his present stock of resources and his own personal present situation are the end result of all past history. But, on our assumptions, he is no longer concerned with the appraisal of his past performances, and, again, he has not as yet unfinished plans to complete. He is able to plan freshly for the future unencumbered by past commitments.


  He has before him, as discussed above, a number of alternative possible plans of multi-period action. His choice of one of these commits him to the rejection of the others (the term “rejection” includes of course the possible mere postponement of these other plans). He is aware, in other words, that the plan he is adopting calls for a planned pattern of actions over the future, and that the execution of these actions precludes many other possible actions.


  On the other hand it may be that the initial steps required for his adopted plan are identical with those required for initiation of several alternative plans. Plowing may be necessary for the cultivation of other crops besides wheat. In this case he is aware that his immediate decision does not commit him irrevocably to his adopted plan. (In fact, he may in this situation deliberately postpone to the last possible moment, the final decision as to which multi-period plan to adopt, making only sure that his immediate actions are those required to advance whatever plan he will ultimately adopt.)


  Or again, while the initial steps towards fulfilment of the adopted plan may be able to be turned to subsequent account in the advancement only of this plan, and be of no avail for the fulfilment of any others, these steps may yet not commit him irrevocably to this adopted plan. Crusoe may be aware that his plan can be scrapped before being brought to fruition. The actions required by the adopted plan for its final stages may simply be replaced by other actions that will lead to other results, if so desired. In other words Crusoe is at the outset aware that his adoption of a particular plan, and even his embarkation on possibly irrevocable initial steps towards its fulfilment, do not by any means necessarily preclude the possibility of subsequent decision-making in respect to this plan, and do not free him from the responsibility of making such later decisions.


  Aware of all this, then, Crusoe must, at the outset, select the multi-period plan to be adopted. Since his is a multi-period decision, it involves employment of more than merely those resources of which he is currently in command, and provision for more than merely current enjoyments. His plan depends on his being able to command resources of definite qualities and quantities at definite future dates; and it envisages the provision of output to minister to wants and enjoyments that can as yet be felt and desired only by anticipation. Clearly a multi-period plan involves the expectations that Crusoe holds, not only concerning the technological efficacy of the actions which he contemplates, but also concerning the future course of events as he expects them to unfold (in the absence of any actions on his own part). And his multi-period plan envisages the introduction of specific changes into this otherwise expected course of events, as a result of his planned actions. The degree of uncertainty with which Crusoe is able to forecast the future course of events (as they are expected to unfold in the absence of action on his own part), will vitally affect the particular multi-period plan that he adopts, and will, especially, decisively affect the degree of flexibility that he will wish his adopted plan to possess (that is, the degree in which he will wish to reserve the final, irrevocable, decisions for only later stages in the fulfilment of the adopted plan).


  The “initial steps” that have been mentioned in the foregoing discussion may take on any of numerous forms. They may consist in acquiring dexterity in the performance of particular operations; or in the acquisition of necessary raw materials and other supplies; or in the construction of tools or other equipment required for subsequent operations; or in preliminary operations on raw material that will prepare it for subsequent further productive operations. Finally these initial steps may (as in the celebrated textbook examples of Crusoe fishing-net construction) consist in the provision of consumption services for the satisfaction of needs expected to arise during the further course of the adopted plan’s fulfilment, (needs which would be able to be provided for at later dates only at the expense of the adopted plan itself).


  (b) We turn to examine Crusoe’s situation after a particular multi-period plan has been finally executed. Crusoe may wish to appraise his completed performance. In the light of the knowledge and experience gained in the meantime, he may wish to reexamine the wisdom of his having made the decisions that he did make (both at the outset of the multi-period project, and at subsequent opportunities for plan revision). He may, in this way, now consider the results actually achieved by the executed plan to be more or to be less significant than originally anticipated; he may now consider the results that might have been achieved by the alternative, rejected projects, as more, or as less significant than originally imagined. Again his maturer judgment (and his ex-post knowledge of the course of events during the time of the plan’s fulfilment) may have taught him that the range of alternatives from which he might have been able to choose at the outset, was actually different from what he had originally believed. Some projects originally believed to be out of reach, may now perhaps be seen to have been perfectly feasible; other plans originally believed to have been feasible may now be seen to have been out of reach.


  Crusoe may, in this way, seek to determine whether he has “gained” or “lost” by the fulfilment of his project. He will judge himself to have gained, if the alternatives which (hindsight shows that) he rejected, appear less important than the results actually achieved by his adopted project. He will judge himself to have suffered loss if the achieved results rank less important than these rejected alternatives.


  Again, by observing Crusoe’s situation, from the outside, so to speak, after the completion of his project, one may be able to assess “objectively” the difference which this completed course of action has made to Crusoe’s situation. One compares Crusoe’s observed situation today with his observed situation at the time the multi-period course of action was first undertaken. One may be able to measure certain differences, or one may at least be able to describe these differences. And in this way one may succeed in describing the observable achievements of the multi-period plan’s execution. We notice immediately, of course, that the outsider’s appraisal of the impact of the project upon Crusoe’s situation, need bear no recognizable relationship whatsoever to Crusoe’s own assessment of his gain or loss from the project, (as discussed in the preceding paragraphs). The outside observer sees only measurable or describable differences between two actual situations—“before” and “after”. Crusoe himself, while fully aware of, and very interested in these “observable differences,” assesses his own gain and loss by comparing an actual situation (“after”), with hypothetical ones (that might have been achieved through alternative courses of action).


  Since we are considering Crusoe’s position after a multi-period plan has been fully completed, and before any other further plans have been considered, any assessment of this position must, it should be observed, be exclusively a “backward-looking” appraisal, not a “forward-looking” one. Since he has as yet considered no further plans for the future, Crusoe is unable to measure what he has already achieved, by measuring what these achievements can enable him to accomplish in the future. All that can be done is to examine Crusoe’s current possessions and circumstances, and compare them, as discussed above, either (“objectively”) with his situation at the outset of the multi-period project, or (from a “profit and loss” point of view), with the hypothetical situations that might have been achieved by means of the rejected plans. The implications of this absence of a “forward-looking” view of Crusoe’s situation are unusual enough to deserve emphasis. Crusoe’s failure to consider further plans means that the things in his possession have significance for him only by their presence at this moment. The stocks of food that he may possess affect his situation now, not at all through their capacity to provide nourishment in the future, but merely by “being there” at this moment (for whatever this is worth). The tools in his workshop, the clothes in his wardrobe, the roof over his head, are of significance to Crusoe, at this time, not because of their capacity to render service in the future, but simply by their momentary presence.


  This unusually narrow way of looking at things, is pointed out here not at all because of its own importance. Quite the contrary, it is being pointed to here only in order to emphasize the exceedingly unrealistic nature of the situation to which it is relevant. The contemplation of this narrow and limited evaluation by Crusoe of his possessions will, surely, confirm that a state in which all past plans have already been completed, and in which no future plans whatever are under consideration, is utterly inconsistent with what we know of living human beings. Long before a multi-period project has been completed, we may expect Crusoe to have adopted, or at least considered, plans for the future.


  In fact, reflection must surely convince us, the very concept of the “final completion” of a multi-period plan project is probably an unsound one. Such a concept presupposes, as we have done thus far in the discussion, that the original plan called for a series of actions designed to achieve definite goals at specific future dates, with no other goals but these in mind. What is far more characteristic, surely, is that the original plan envisages the achievement of the definite future goals with full awareness of the fact that successful achievement of these goals will make possible, and will necessitate, the formulation of further subsequent plans. While in the original formulation of the multi-period plan, these further plans may well have been left completely open for the time being, we may, in a very real sense, consider the original multi-period plan as extending indefinitely into the future. So that we will never be able to find Crusoe in the position of having any multi-period fully completed. Crusoe is always in the position of having future plans under consideration; or, perhaps more correctly, he is always in the middle of an incomplete long-range project (the final stages of which may not as yet have been definitely selected).


  These considerations underscore the importance to be attached to our next task, (c) the consideration of Crusoe’s position at some intermediate point in time, when the course of actions envisaged by his multi-period plan has been commenced, but not yet completed.


  The Half-Finished Project


  At intermediate points in time, Crusoe finds himself with what amounts to a half-finished project on his hands. He has already performed some of the actions initially called for by his multi-period plan, and he now has before him a program of further actions, prescribed by the plan for its subsequent stages. Crusoe appraises his present situation both by looking ahead and by looking back.


  Looking back he is aware on the one hand of what has already been achieved through the initial actions. On the other hand, he is in a position to consider again those courses of action that were rejected in order to embark on his own adopted plan. All this is similar to the situation considered in the preceding pages, when we imagined Crusoe to have fully completed his multi-period plan.


  Looking forward to possible revisions in his originally planned program of actions Crusoe may see matters from either of two (equivalent) points of view. First, he may, realistically, look at the future from the point of view of one who is, as he is, in the middle of a project, the further stages of which have yet to be finally determined. On this view of things he finds himself faced with the task of choosing the way in which to complete the project which has been started; the program of actions called for by the original blueprints presumably make up one of the alternatives from which this choice is to be made. Alternatively Crusoe may look at the future from a completely fresh point of view. He may choose not to view his task as that of completing something already begun. He may see himself faced with the task of selecting anew a multi-period plan to be commenced now, just as he had selected the originally adopted project—a major difference being, however, that now he has at his disposal the fruits of the unfinished originally adopted project. Of course, it may be that the new multi-period plan Crusoe will now select, may turn out to consist of the very same program of actions that were required by the originally adopted plan for its final stages, commencing from this point in its development.


  Clearly these two ways of viewing the future are for all practical purposes completely equivalent. Both views will, with the knowledge available at any given time, lead to identical plans for the future. The difference between the two views is merely in the way Crusoe looks at things. In particular it is a difference in the way Crusoe may look at the interim results of the steps taken so far in fulfilment of the originally adopted plan. From the one point of view these results are seen as a half-finished project. From the second point of view they are seen merely as data, along with other available resources, on the basis of which the new project now to be drawn up can be planned. The former view sees the interim results of the earlier steps taken, as the outcome of (a portion of) an earlier plan. The second view sees these results “positively”; this view is not concerned with how these data came into being, it is not concerned with the “planned” character of these results. To the first view a plowed field represents the intermediate stage on the way to an originally planned wheat crop. To the second view a plowed field is simply a field ready to be sown, if one so wishes.


  Just as Crusoe himself may look at the interim results of the first steps of the original plan from these two different points of view, so too can the outside observer see things from the same two viewpoints. If this outside observer wishes only to understand the new plan for subsequent action that Crusoe makes, at the intermediate point in time, then we have seen that, no matter which of the views which Crusoe adopts, he will settle on the same plan for further action. On the other hand, if the outside observer wishes to understand how the present intermediate situation came about, then of course he must view the situation as what it really is,—the outcome of a plan that has not yet been fully carried out. It is worth noticing moreover, that the non-positive view is able not only to explain how these results came about, as already mentioned; it is able, in addition, to interpret the significance to Crusoe of any tangible things that have been yielded by the first steps of the originally adopted project. To the “positive” observer this possibility is not open. To him, for example, a stock of consumption goods is simply a stock of consumption goods. Not only has this observer no interest in explaining how the stock came into existence; he has, for that very reason, no clue as to its purpose. The fact is, of course, that for the “positive” observer, this stock of goods has no purpose, until Crusoe starts afresh to consider the possible plans which his resources make feasible.


  But to the non-positive observer, things are quite different. To him, a stock of consumer goods may, for example, be seen not merely as a stock of food, but as provisions prepared in anticipation of a long process of production ahead. This insight not only explains how the goods came into being (as part of an earlier plan); it provides, at the same time, immediate recognition of these goods as having (at least up to the present) a very definite function. The positive observer can describe the tangible things that Crusoe now finds at his disposal, only in physical terms.[6] He is unable to describe them in terms of function because he takes cognizance of no plans in which they play a role. The non-positive observer, on the other hand, is able to describe the tangible things that Crusoe now has at his disposal (as a consequence of the unfinished project), in terms of their function, i.e. in terms of the specific purposes which these things were, in the original scheme, designed to advance.


  Imagine that our “outside observer” could observe two islands, each with its own isolated Crusoe, who each started out from identical circumstances, and who each undertook the same multi-period project, commencing on the same date. Suppose that after some time period the observer examines the situations in both islands. Then, if the observer adopts the “positive” view, he must compare the two situations in terms of purely physical description. He may not even say that “tools” exist on one or both islands, (since the term “tool” implies function).[7] He certainly cannot say that the stock of goods possessed by the one Crusoe is “better” than that of the second Crusoe, in the way in which the non-positive observer can say this. The latter (non-positive) observer can compare the two islands not merely by physical description of their situations, but also by assessing the degree in which each Crusoe has succeeded in bringing his project closer to fulfilment.


  To the non-positive observer a plan that has not yet been fully carried out may present any of numerous possible spectacles. Everything will depend on the particular plan originally selected, and on the initial steps already taken in its fulfilment. It may be that the observer will find difficulty in discovering tangible evidence of any progress at all by Crusoe toward fulfilment of the original plan. This may be the case for example if the initial steps of the plan called merely for the acquisition by Crusoe of a particular skill. Or perhaps the observer will find stocks of raw materials and supplies prepared for subsequent use. Or perhaps he will find tools and equipment that Crusoe has constructed for subsequent use. Perhaps he will find that preliminary operations have already been performed upon the raw materials—he may find a real half-baked cake in the oven. Or, he may find that Crusoe has (as discussed earlier) merely laid up a stock of consumption goods in preparation for a period of time during which attention to the plan will preclude the provision of such goods.


  As we have seen, such an observer will describe the tangible things that are at Crusoe’s disposal (as a result of the earlier stages of the multi-period plan) in terms of their function. That is, he will look back to the original plan, to discover what use that plan envisaged for these things, in the future that is still yet to come. This seems the most natural logical sequence, the observer is able to describe the tangible resources Crusoe now has at his disposal, by reference to a known earlier plan. But it may be that the observer may employ an inverted logical sequence. It may be, for example, that the observer has no prior knowledge of the multi-plan originally adopted by Crusoe. But when this observer sees a hammer and nails, let us say, he is able to infer from this that Crusoe has, in his past planning, envisaged some stage in the fulfilment of his project that will call for the hammering in of nails. This inference, it should be noticed, derives from the relatively specific character of hammers and of nails. Hammers are not very useful except for hammering in nails, nails are clearly designed to be hammered. This specificity enables the observer to infer what use the plan intended for the items under observation; it may also enable the observer to infer what other items are planned to be constructed. Many things can be used only in conjunction with complementary goods. Things which are highly specific in production, will require very definite complementary goods.[8]


  Similarly the observer may be able to infer something of the plan that was originally adopted, by taking note of the durability of the tangible things constructed during the early stages of the plan’s fulfilment. Should he find goods that will be able to render service for many years to come, this will tell him something of the length of future time for which the original plan made fairly detailed provision (unless, of course, one knows that the techniques available to Crusoe did not enable him to have control over the durability of the item under observation).


  One may, in this way, be able to associate the tangible things available to Crusoe, with rather detailed and fairly definite inferences as to the plans which can be presumed to have been responsible for their existence. So that our non-positive observer may, without prior knowledge of these plans, ascribe definite presumed functions to these tangible things themselves. And he may compare two Crusoes without prior knowledge of their several plans, merely by this kind of insightful examination of the tangible things that the two Crusoe’s respectively possess. He may take significant notice, for example, of the fact that Crusoe A has tractors at his disposal, while Crusoe B has only wooden plows. He may be quick to notice that Crusoe A’s equipment reveals many stages of production and considerable time to intervene between the application of “original” resources and the emergence of consumers’ goods, while Crusoe B’s equipment reveals no such lengthy “period of production.”


  Valuable and sagacious as these conclusions of the observer may be, it is to be emphasized (and for the purposes of this essay, emphasized most strongly) that these descriptions, while they may superficially be thought to apply to the “tangible things” themselves, in full reality apply only to the plans, (of which these things are, at present, the interim expression).


  Nevertheless, the insights obtained in the preceding paragraphs do serve to underscore something that we have already, in a general way, been aware of. This is that, starting from any given starting point, the plans which Crusoe will make depend, in highly sensitive fashion, upon the particular tangible things over which he has control. Should the equipment at his disposal be of durable character, should he have at his disposal a large reserve stock of consumer goods, he will be able to make different plans for the immediate and the more remote future, than he would be able to without them. Should he have tractors at his disposal he will make different plans than he would if he had only wooden plows in his sheds.


  As mentioned earlier, these reflections on the situation as it appears to Crusoe, (or to Crusoe’s unseen observer), at some intermediate point during the fulfilment of Crusoe’s plans, gain in significance from the fact that, realistically, any moment in Crusoe’s life is likely to be such an “intermediate point.” Crusoe is likely always to be in the middle of some plan that has been commenced but not yet completed. So that if one wishes to assess Crusoe’s potential capabilities for the future provision of output, one is likely to start by examining the tangible things he has at his disposal at the present time. One is able to read Crusoe’s future consumption capabilities, so to speak, from the state of his present possessions. This opens up new possibilities of significance for the task that we are surveying in these few pages (that of examining Crusoe’s situation at some intermediate point during the fulfilment of a multi-period plan). One may undertake such a task, it now appears, not only for the sake of describing Crusoe’s situation at that point in time. One may undertake it to gain prevision of the future. (This is related to, but of course not identical with, the approach to the description and measurement of the tangible things Crusoe has at his disposal that, as discussed earlier, ran not in terms of physical characteristics but in terms of function, or prospective usefulness).


  This way of looking at things may, however, lend itself to illegitimate over-extension. We have seen that an insightful observer is able to perceive, in the tangible things Crusoe has at his disposal at an intermediate stage in the development of a project, the adopted plan of which these tangible things are the interim expression. There is now a not entirely desirable possibility, that these tangible things may now be looked at exclusively from a converse point of view. They may be seen as being nothing more than the present tangible reflections of streams of future output. One may be tempted to see an oven now as being the “intermediate form” in which countless future loaves of bread are, at the present time, reflected. The error in such a view would be the subtle one of seeing present tangible goods as being themselves an intermediate form of future output, without paying attention to the plans (either past or future) which have to be constructed with reference to the employment of these tangible goods, before any future output at all can be forthcoming.


  The undesirable aspect of this view is thus its tendency to suggest that the future streams of output automatically flow out of present resources, and that these resources represent nothing more (and nothing less!) than the entire prospectus of future history telescoped into presently tangible form. There is, it should be apparent, nothing automatic about the way in which Crusoe’s future streams of output arise from his currently available body of resources. At almost every step of the way Crusoe has opportunities to modify earlier plans, to fill in details in earlier outlines of plans, to devise entirely fresh plans. What will be yielded by Crusoe’s resources simply depends on what Crusoe decides to do with his resources.


  It is true of course, that when a multi-period plan (or some successive stages of such a plan) of Crusoe has been successfully carried out as originally planned, that he is able, in retrospect, to ascribe the goals achieved to the past resources employed. And it is true that one may then say that the course of events during any period of time is merely the consequence of the immediately preceding state of affairs; and thus that the entire skein of subsequent history was merely the unravelling of what was somehow already present (in “bottled-up” form) at the very outset. But this is able to be said only because the plans actually adopted and executed during this history, are taken for granted, (and are implicitly used in the description of the resources originally available). Moreover, it should be observed that in retrospect significance attaches almost exclusively to states of affairs at points in the past when new plans were made, or when alterations were made in earlier-laid plans. No particular significance attaches to an earlier decision to permit a half-baked cake to remain in the oven, as originally planned, until fully baked. A statement that a fully baked cake “flowed automatically” out of a half-baked cake (and a hot oven), is not a very important statement at all. The statement gains whatever plausibility it possesses from the circumstance that, in fact, no “new” decisions were made at the time the half-baked cake was permitted to remain in the oven. (Alternative decisions were merely considered and rejected). But past states of affairs (seen as the basis for the subsequent course of events) are of interest solely because these states of affairs did, in fact, inspire “new” plans. The course of events during a period in Crusoe’s history does derive from the pre-existing state of affairs—but only because these events depended on the plans which Crusoe adopted, these plans being made at the start of the period, on the basis of the state of affairs prevailing at that date.


  We may express these ideas in a slightly different way. We are talking on the one hand of a “state of affairs” at a point in time; and we are talking on the other hand of a “course of events” over a period of time. Whenever one finds Crusoe, one is entitled to enquire as to the “present state of affairs.” And this may involve an examination of the tangible things at Crusoe’s disposal as a result of the initial stages in the execution of as yet unfinished plans. The description of the present state of affairs may thus be conducted in terms of earlier events leading up to the present, or in terms of the possible courses of events open for choice in the future through the availability of today’s resources. Should, however, Crusoe select to complete the final stages of the originally adopted plan as planned, then he will, in retrospect, attach no especial significance to the “state of affairs” at the intermediate point in the plan’s fulfilment, and no especial significance to the array of tangible things that were at his disposal at that time. When he is at the intermediate point in time, these tangible things are the resources which will determine what further steps he will take. After an entire plan has been carried out, Crusoe is aware only of his original goals, and of the final results of his efforts in their pursuit. Looking back at the tangible things that were at his disposal at some past intermediate point, he sees them as nothing more than the means that were necessary to “carry” the actions performed in the earlier stages of the project up to the time when the ultimate outcome of the project has come to fruition. Looking back, those intermediate tangible things merely “stored” the earlier efforts up to the time when their final results could be derived from “them.”


  Crusoe and An Overlapping Sequence of Plans


  We have already noticed the artificiality of the assumption that Crusoe chops up his lifetime into separate periods of time, in each of which a new plan is both started from scratch, and carried to completion. We have noticed, that is, the artificiality of considering points in time when earlier plans have been fully executed, while new plans have not yet been considered. It is more plausible to think of Crusoe’s life as consisting in a series of actions, (each one of which is designed to advance some plan), such that long before earlier plans (which may, as discussed, each have an infinite horizon) have been “completed”, new decisions and plans have already been superimposed on the program that had previously been laid out for subsequent execution.


  Complicating as the recognition of this pattern of planning may seem to be, it should be clear that very little of what has been discussed so far in this chapter has thereby lost its relevance. Perhaps the only important respect in which matters have changed, consists in the fact that the ideas developed in the earlier discussions are likely to seem less obvious in this more complicated case of continual, overlapping decision-making. This is particularly likely to be the case if Crusoe’s programs of activity happen to follow a fairly regular and repetitive pattern.


  We may imagine Crusoe engaged in various productive activities year after year. At any one time he is employing an array of resources available to him. During any given period of time Crusoe’s productive activities are channelled into the provision of goods for consumption, together with the maintenance, periodic replacement, and also the possible expansion, of his stock of tangible resources. In this scheme of things, a look at Crusoe’s situation at any time, will reveal an array of tangible things at his disposal, that is not very different in composition from the array of tangible things available to him at other times. Crusoe always seems to be in the middle of a project or projects, and his “state of affairs” is always about what it was before.


  In these circumstances it is quite easy to overlook the prime importance of Crusoe’s plans, that are continually being revised and extended and which at all times determine the use to be made of the available array of tangible things. It is easy to overlook the fact that at any one time Crusoe is likely to have a number of projects simultaneously under way, and that these projects will be in various stages of advancement.


  But once attention is drawn to these facts, it is impossible to escape the conclusion that the considerations discussed in the preceding sections, remain as completely valid and relevant for this more realistic example, as they were for the more artificial cases discussed earlier. The “state of affairs” at any point in time may be gauged in part from the composition of the tangible resources then at Crusoe’s disposal. And, as before, it will be possible to describe these tangible resources in terms of the relevant plans from which they have sprung, and in terms of the functions designed for them by these plans. It must only be remembered that each bit of tangible resource must be related back to its own (possibly unique) plan. Instead of being in the middle of one project, Crusoe is in the middle of a number of projects, at different stages of incompleteness. That is all. The fact that the overlapping of these different projects leads to a fairly constant periodic volume of output, (after replacing worn-out equipment), is quite irrelevant to what has been discussed so far in this chapter. This last point is important enough to require some elaboration.


  When Crusoe does in fact engage in activities that repeat themselves year after year, making sure that at all times his stock of tangible things available for productive employment is constant, then the outside observer, and perhaps even Crusoe himself, may lose sight of the role of the plan in the system. Crusoe might argue as follows. At each point in time he has control over the (constant) stock of productive tangible things. During each period of time he is able to attain a (constant) level of consumption (after deducting from gross output enough to maintain the constant level of his stock of productive tangible things). Were he not to possess such a stock, then the annual level of consumption that he would be able to produce, would be significantly lower. So that the steady annual increment in consumption that he is now able to enjoy is clearly associated with the steady presence and employment of his stock of tangible things. It is only the presence at all times of the same stock, that makes possible during each period the enjoyment of this increment in consumption output. It is tempting to consider the increment in output obtained in each year, as the result of the current presence of the stock of tangible things. After all it would be impossible to keep up the present level of output without currently maintaining the stock of tangible things.


  So that Crusoe, and the outside observer, might conclude that the significance, for an appraisal of Crusoe’s circumstances, of an examination of his stock of tangible things, differs from what has been discussed above. Instead of examining this stock for an indication of future production potential, for a clue as to the length of future time for which some provision has already been made, it may now be proposed to see Crusoe’s stock of tangible things merely as a measure of his currently superior productive potential. From this point of view two Crusoes whose present stocks of tangible things are different, differ from one another primarily in the sense that one of them has the means to produce more current output than the other. It would be as if the one Crusoe had been endowed by nature with a greater capacity for rendering labor services, than the other.


  Now, if there were some foreordained law that elevated such a case of constantly maintained output to a role of primacy, than there might be a case for looking at things in this way. For Crusoe himself, in fact, if he attaches especial importance to maintaining a constant pattern of consumption, there can again be no objection to his mentally associating this year’s output, with the presence of this year’s stock of tangible things. Such a mental association might be helpful in achieving the desired constancy in output. But for the outside observer to seize on this mental association as the indicator of which causes bring about which results, is clearly an error. If Crusoe is interested in maintaining a constant level of consumption, then he must plan his actions to this end. In these plans, the immediate maintenance intact of the stock of tangible things is required, not for the sake of current output, but for the sake of the adopted goal of maintaining the current level of output indefinitely during the future. To do this may call, as discussed earlier, for the simultaneous undertaking of a number of “staggered” projects; Crusoe must commence on new projects while earlier-undertaken projects are still in various stages of partial completion. The age composition of Crusoe’s stock of tangible things can be understood, and can serve as a basis for explaining the future, only by steadfastly bearing in mind the particular plans that have brought about the present state of affairs.


  Multi-Period Planning by the Individual in a Market Economy


  We turn now to apply the ideas learned from our discussion of Crusoe planning, to planning within the context of a market economy. We consider first the multi-period plans of individuals. Then we will consider the implications to be drawn from the fact that the data of the market result from the interaction of numerous individual plans.


  In a market economy an individual is able to make multi-period plans with a greater range of freedom than was possible for Crusoe. Crusoe considered the resources at his disposal, made a guess as to the resources likely to be placed at his disposal by the course of future (external) events, and made his plans accordingly, striving to put his resources to use in the most efficient way possible, for the satisfaction of his own anticipated wants. In a market economy, too, an individual considers, just as Crusoe did, the resources at his disposal now, and those expected to be made available to him by future (external) events. But the individual in a market economy can make plans which call for the employment of resources which he does not now possess, and which he does not expect to come directly into his possession at all. He is able to do this because he is able to exchange in the market the resources which he does expect to come directly into his possession, into the other resources required for the execution of his plans. A special, very important example of this, arises from his ability to borrow the means to acquire the resources he needs.


  An individual will then make multi-period plans that are limited, not by the particular resources expected to come directly into his possession, but by the arrays of resources expected to be obtainable in the market place through sale of his own resources, or by the terms on which present resources can be borrowed. Moreover, these multi-period plans may be designed to produce output for which the planner himself anticipates no desire, and which will only later be exchanged in the market for the goods the planner himself expects to consume.


  Prominent among the factors that an individual must take into consideration in formulating his plans, will therefore be the market prices of (a) the resources that he expects to come directly into his own possession, and (b) the resources that will be required for the execution of the various plans under scrutiny. For the purposes of the analysis of individual multi-period planning, one assumes that these prices are given and externally-determined. The existence of these prices (in conjunction with output prices) makes possible the calculation in monetary terms of the costs associated with the various projects up for consideration. The relationship between the prices of future output and those of current resources determines the attractiveness of those projects feasible only through the employment of borrowed resources.


  But once notice has been taken of these possibilities that are opened up through exchange opportunities on the market, one is able to apply without further significant modification, the same ideas that were relevant to the multi-period plans of Crusoe. Let us take an individual and imagine, (as we did with Crusoe), that he undertakes a plan.


  At the outset our individual may possess resources and/or may expect to come into possession of resources without action on his part. He may, in addition, consider possibilities of borrowing various resource combinations. He may describe these resources in terms of their physical characteristics, or in terms of the possible functions that these resources can fulfill (in certain combinations). But he may also, in the market economy, describe them in terms of their purchasing power; in particular he can measure their monetary value. (Should, indeed, he acquire resources through borrowing, then it may be a sum of money that is borrowed). Nevertheless, when an individual considers a particular plan of production, he must still at some stage in his calculations, deal with it at a technological level. While calculation can now be carried on in monetary terms, the alternative plans being weighed still involve the same real elements that were relevant to Crusoe.


  At the technological level it is, therefore, still possible to examine the tangible things that represent the state of an individual’s half-finished project. It is still possible to describe these things in terms of past plans, in terms of the functions assigned to these things by these past plans, and in terms of the functions likely to be assigned to these things by the new plans that will be made in the light of changed conditions.


  At the same time the facility for calculative purposes that is possessed by money enables the planner to measure the success or failure of his project. In particular it enables the value of the stock of tangible things on the one hand, and that of the flow of finished output on the other hand, to be expressed in homogeneous units of money. The individual concerned is certainly very interested in the relationship between the value of his stock of equipment and that of the annual output that he is able to produce with its assistance.


  It is rather important to observe that these possibilities of measurement that exist in a monetary economy carry with them certain fairly subtle temptations to the observer, that may avert his attention from the planned character of the tangible things that represent the state of an individual’s half-finished projects. In our discussion of Crusoe, we came across similar temptations; in a monetary economy these possibilities acquire much greater importance. When both the resources with which a project is undertaken, and the outputs which are yielded by the project are both measured as sums of money, it becomes easy to forget that the one sum of money represents something which is being striven to be attained, while the other sum represents the means seized upon to further the sought ends. When the state of an individual’s affairs are appraised during the course of a project’s execution, this becomes even more serious. The tangible things which the individual possesses as a result of the initial stages of fulfilment of his project are valued as a sum of money. To an observer contemplating the magnitude of this sum, there is nothing to indicate that it is the outcome of a planned course of action; and there is nothing to indicate that the original plan envisaged any additional actions to be taken with respect to the things which this sum represents. Nor is there any indication of alternative plans that might be able to turn these things to account.


  And yet it is clear that the sum of money is “tied up” in the form of tangible things only for the purpose of gaining still larger sums in the future. It is clear that the larger the sum that is so tied up, the larger will be the future sums that can be so gained. An observer will thus still attempt to gain prevision of an individual’s future by an appraisal of his present “state of affairs”; and he will do so by examining the magnitude of the sum of money which the individual has tied up in his projects at any one time. This way of looking at things will do more than merely divert attention from the planning that is embodied in the particular tangible things that this sum of money measures. It will in addition, and as a result, foster the notion (noticed already in our discussion of Crusoe) that the gains that are anticipated for the future will somehow flow automatically from the fund of purchasing power that is at present tied up in the individual’s assets.[9] The fact that these future gains are measured in the very same monetary terms as are these assets themselves, serves to support this view of things. This makes it all the more easy to consider a fund of money as somehow possessing the capacity to grow, almost spontaneously; it makes it easy to think of the assets (which may be expressed in terms of such a monetary sum) as possessing somehow a “productivity” of their own. (This misconceived view certainly seems to fit in only too neatly with the circumstance that on the loan market, sums of money do seem to “grow” automatically with the mere passage of time.)


  This misconception depends, it is worth noting, on yet a further consequence of the monetary measurement of assets. This is the misleading impression of homogeneity that is imparted by the representation of a set of tangible things by a sum of money. These tangible things may be very different from one another; they may in addition be the interim results of a number of quite separate plans. But this heterogeneity is completely submerged when assets are expressed as a value of money. This leads to an emphasis on the feature common to all tangible things possessed by an individual, viz. the mere fact that they are assets. This facilitates the appraisal of the individual’s “state of affairs” in terms of the homogeneous pool of resources over which he has control, and, as seen above, the way is clear to the idea that from this homogeneous pool the future gains will flow more or less spontaneously. In particular, as we shall discover later in this essay, these notions have fostered the idea that, beneath the superficial heterogeneity of the particular stock of tangible goods an individual may possess, there exists a commonly-shared characteristic that is responsible for the future surplus that these tangible goods will yield.


  The earlier discussions of this chapter will have made clear the misleading nature of such ways of thinking. Of course the tangible things that an individual has in his possession (as a result of earlier stages in the fulfilment of a project) are the source of future gains. This is because the existence of these tangible things places the individual nearer to his goals than he would be without these things. After all, that was why his project called for the provision of these tangible things in the first place. But there is nothing in the mere existence of tangible things themselves that justifies their being looked at as merely the reflection of the future outputs to which they will give rise. This we saw in our discussion of Crusoe. Tangible things will give rise to future outputs only if they are put to use in appropriately planned ways. Even more emphatically must we deny that these tangible things possess some hidden common property that possesses “productivity” of its own, apart from the particular characteristics of the various tangible things, and apart from the various possible plans in which these tangible things might find a role.


  Interacting Plans


  We must now take up the task of interpreting the significance, for our purposes, of the fact that a market consists of interacting individual plans. We do not have numerous Crusoes each formulating his isolated individual plan against the background of market data, but of individuals each of whose plans exercises direct influences on the plans of the others. Let us first recognize the role of division of labor.


  Crusoe had first to construct an oven, to grow, harvest and grind grain into flour, and finally to bake bread. In a market economy these various steps in the long process of production leading to bread are broken up into separate self-contained processes. The man who grows wheat does not have to plan its further development into bread; the oven manufacturer’s plans need not reach back to iron mining, nor need they extend to wheat-growing or to bread baking. Each plans his own process. Taken together the plans tend to fit into an integrated pattern. But no single mind has formulated any such overall integrated plan. It is enough for the oven maker to know that there are men willing to sell him iron, that there are men willing to buy ovens from him. And so on.


  Of course, each of these stages of production may itself take time, and will involve multi-period planning on its own account. At any given time each of these individuals will be in possession of intermediate tangible things. From his own individual point of view these things represent half-finished products—where the finished product is simply that which he sells to further participants in the productive process. It is the interaction in the market place of the plans of the various different individuals to undertake different small steps in the overall process of production that may force adjustments in these plans and gradually tends to mould these plans so that altogether they constitute an integrated pattern.


  Recognizing the role of the market in bringing about this tendency towards coordination among the various stages of production, we are immediately forced to look on the tangible things that are the intermediate products of the individual producers, as having a significance reaching beyond the narrow horizons of these individuals. We look on an unfinished oven, not merely as a half-way station toward a finished oven, but as a half-way station toward bread; and we are aware that it is a half-day station along a road that reaches back to the iron mines and to the wheat-fields. While the oven manufacturer does not need to know (and certainly not to plan) that his ovens will be used to bake bread, he does know that bakers can be expected to offer him prices for his ovens. And we know that these prices will be offered by the baker as initial steps in the fulfilment of his plans to bake and sell bread. So that we must indeed see the oven as an intermediate product, the result of the first stages in the fulfilment of a series of (at least partially) interlocking plans whose ultimate end is to produce bread and sell it to the consumer.


  This way of looking at things emphasizes the most fundamental of the insights into the market-system that economic analysis has been able to supply—the perception that the plans made in a market interact in a manner that tends to bring about a system of interlocking plans.


  At the same time economic analysis warns vigorously against the simple assumption that all the plans being made at any one time do in fact interlock perfectly. Such perfection serves as a definition only of the state of equilibrium, a state which can in principle be attained only through the exhaustive operation of the market process, carried to its very end against the background of given tastes, factor availability and technological knowledge. Moreover, when, as in this essay, our interest is focused explicitly on the multi-period plans of individuals, the requirements for the perfect interlocking of all relevant plans, reach proportions of formidability as to render such a notion of no significance at all except as a theoretical construct.[10] A perfectly interlocking systems of individual multi-period plans would require that plans made now fit in not only with the plans of others being made now, and with relevant plans made by others in the past, but with all other relevant plans to be made in the future.


  The existence of a half-finished oven at any time, then, signifies not that plans have in fact been laid to bake bread, but that the oven-manufacturer’s plans anticipate, in effect, the future formulation of such plans. In the case of Crusoe we found that the existence of intermediate tangible things during the course of a project’s execution, reflected Crusoe’s past plans, but represented also currently available resources on the basis of which Crusoe may now wish to formulate new production plans (should he feel his circumstances to have changed). Tangible things might in the end be used for different purposes than those for which they were constructed in the first place. In the market economy this kind of possibility is now seen to acquire additional importance.


  In the market economy, too, tangible things may in the end be used for different purposes than those for which they were originally constructed. An oven-manufacturer might, in the event of a sudden sharp rise in the price of scrap metal, decide that it is to his advantage to sell his half-finished or even his finished ovens as scrap rather than to continue in his original line of manufacturing. This is quite similar to the possibility we found in the Crusoe economy. Or again, the passage of time may have so adversely affected the market for bread that the oven manufacturer finds himself forced to alter his plans, with respect both to future production and to goods in process. His original multi-period plans may have been perfectly adjusted with earlier anticipated conditions in the bread market, (as exemplified, for example, in the plans for the future made earlier by bakers). Changing conditions have thrown things out of adjustment: new multi-period plans must be made by the oven-manufacturer. Or, at least, he must make revised plans to fit in with different multi-period plans of others, than those originally in mind. This possibility too is rather similar, in principle, to possibilities we have found already in the Crusoe economy.


  But a market economy may open up possibilities for altered plans (with respect to the utilization of intermediate tangible things) that have no close parallel in the Crusoe case. An oven-manufacturer may have undertaken his line of business under a profound error. He may have entered oven manufacturing under a badly mistaken impression of the extent of demand for ovens on the part of bakers. The passage of time alters nothing in this case except to provide to the oven-manufacturer clearer and clearer evidence of his entrepreneurial error. He may be forced, under such circumstances to revise his production plans in midstream, and possibly to dispose of his stock of finished and half-finished ovens in ways quite different from those first planned. What has happened here is that the seething agitation that makes up the course of the market process itself has resulted in the alteration of plans. As we have seen, it is precisely this, the enforcement of changes in plans in order to bring different plans into closer mutual adjustment, that is the function of the market process. This is well recognized in the case of single period plans. What is here being pointed out is that in the context of multi-period planning, the market process exercises a very special influence. This influence consists in the enforcement of new plans that will, possibly, embrace uses for existing tangible things for which these things had originally not been constructed.


  It is of some importance to notice the range of adjustments that may be enforced by the market process in this way. This range is as wide as the range for entrepreneurial error itself. Not only may, for example, machines have been produced to serve industries which have no use for these machines. Machines may have been produced that were designed to be used for a long period of time, and these machines may in fact be used (perhaps more intensively) for only shorter periods. All such errors will lead to disappointments on the part of those who erred in their planning. These disappointments will strike planners primarily in the form of the emergence of market prices for their tangible things that differ from those originally anticipated. As a result they may sell their products to others than the producers for whom they were originally intended.


  It should be noticed, however, that disappointingly low prices for tangible things, do not necessarily mean that these things will be put to uses for which they were not originally planned. It is still entirely possible that the ovens may yet be sold to bakers. The low oven prices may indeed spell severe losses for the oven manufacturer. But these low prices may make it just worthwhile for the baker to continue baking bread. What has happened in this case is that entrepreneurial error on the part of the oven-manufacturer has channelled resources into a branch of production (bread baking), where these resources “ought not” to be employed, as judged from the view point of an omniscient observer. In other words, perfect foreknowledge of market conditions on the part of all entrepreneurs would have inspired multi-period plans in which bread baking would now be a smaller industry than is now in fact the case. But, the error on the part of the oven-manufacturer once having been made, competent entrepreneurship has been able to make the best of a bad situation. The ovens have been put to work, bread baking has been permitted to exploit the ready-to-hand ovens (even though these ovens would not, on better judgment, have been produced in the first place). In other words the plans originally made for the ovens has been successfully carried through to completion. The only reason for this, is that the ovens were produced before the error in their being produced was perceived. The market process has enforced adjustments in current planning in order to exploit, as far as possible, the steps already taken in execution of earlier plans (that ought, nevertheless, not to have been undertaken in the first place). It is not difficult to see how this same pattern might hold true for a Crusoe economy: once he has started on a project, he may decide to continue even though he might now think this project to have been ill-advised in the first place.


  The “State of Affairs” of an Economy


  Consider the state of an economy at a particular point in time. An examination of the economy reveals the existence of numerous, heterogeneous tangible things. Since we confine our observations to a single instant, this is all that can be observed. How are we to interpret the significance of a particular set of such tangible things? What does the existence of the set tell us about the history of the economy? What basis does it provide for a prevision of the future? Our discussions thus far are sufficient to indicate the way in which these questions may be answered by the economist.


  Looking at the economy as a whole, one observes significant similarities to the picture of Crusoe’s state of affairs as obtained from the stock of tangible resources available to him at an intermediate point in the fulfilment of his plans. The buildings, the machines, the stocks of raw materials, the tangible things present in an economy at a given time, are all the results of past plans; and they all represent half-way stations along roads intended to lead far beyond themselves. The future output of the economy, as of Crusoe, depends on the present stock of resources.


  But whereas we were assuming Crusoe’s stock of resources (resulting from earlier steps taken in fulfilment of his multi-period plans) to be the interim outcome of a single integrated plan, the stock of produced things in a market represents the heritage of numberless separate past plans. And we have already noticed that these plans can by no means be assumed to have been perfectly interlocking plans. Taken individually each piece of tangible produced good still represents the past plans of its producers, and their expectations as to its further employments. But there is not very much more that can be said to preserve the parallelism between a Crusoe economy and the market economy. The state of affairs in a market economy is not the result of a single integrated past plan, nor does it lay the basis for any such future plan. The state of affairs in a market economy represents the status of the numberless individual past plans, and it reveals the extent to which the market process has brought these plans into consonance with one another. At the same time an examination of this state of affairs may reveal the degree to which past plans have failed to mesh. This may then indicate the future revisions in these plans that will be necessitated, not by changing underlying conditions (as was the case with Crusoe) but by the mere fact that the future conflicts between jarring plans can be expected to result in eventually altered plans.


  Nevertheless, despite these very real differences between the market economy and the Crusoe economy, it must be admitted that for some rough and ready purposes these differences can be quite usefully ignored. When one observed two Crusoes, one of whom possesses tractors while the second has only a wooden plow, one knows immediately something about the likely respective future outputs of the pair. And when one compares two countries and finds the one well stocked with roads, buildings, machines, and unfinished goods inventories, while the other is relatively poor in these tangible things, one does feel that one knows which country will enjoy the greater volume of output. It may be noted that our tendency to make this kind of judgment about a nation’s economic future rests, if it is to be at all valid, on an implicit faith in the past and future ability of a market economy to coordinate plans. In the Crusoe case we saw how the future can be surmised from the present array of tangible things, only by speculating on the plans Crusoe will make to use these things. In the market economy we can draw conclusions about the future only by assuming, not only that individuals will make plans to employ the things they possess, but that they will do so in such a way that these plans will, at least to a large extent, exhibit a meshing and interlocking pattern.


  If one is willing to make this kind of assumption then it is entirely in order to assess a nation’s future by referring to its current stock of things. This can be done by looking at these things—not, we must insist, as though future output can be expected to flow, automatically and planlessly, from these things,—but as though a single integrated plan for the entire economy was in the process of being smoothly carried out, promising the future attainment of some coordinated set of relevant goals.


  Some Remarks on the Theory of Capital


  Thus far in this chapter little use has been made of the term “capital.” During our discussions of multi-period planning by Crusoe, and by individuals in a market economy, use of the term has, in fact, been studiously avoided. We have been exploring the implications of the fact that people make multi-period plans; we have taken notice of the circumstance that in a market economy multi-period plans exercise influence over each other just as single period plans do; in particular we have taken notice of the circumstance that at any given time an economy—whether that of Crusoe or a market economy—will reveal the existence of unfinished projects.


  The central theme of this essay is the recognition that significant economic relationships can be revealed by paying attention to the as yet unfinished projects that exist in an economy at each point in time, and to the tangible things that represent the interim status of these projects. We have discovered that many, perhaps all, of the tangible things available at any time represent such “intermediate products;” that the composition of the array of such tangible things present at a given time in the market place, can be explained by reference to the past plans to which these things owe their existence, and to the way in which the market process has enforced a degree of coordination among these plans; and that, insofar as the course of future events depends on the present state of affairs, prevision of this future can be obtained by recognizing the as yet uncompleted plans that were formulated in the past for the further utilization of these tangible things (and of the possible revisions in these plans that may be enforced by the future course of the market process).


  The relevance of all this to the concept of capital is not far to seek. The body of analysis generally understood to be embraced by the theory of capital, happens to deal with these same problems. Despite the number of different definitions assigned to the word “capital,” the concept is invariably used in theories that attempt to grapple with the relationships between resources at one point in time and outputs of subsequent points in time, and with associated problems. The multiplicity of different formulations of the capital concept attest, not only to the elusive nature of the concept itself, but, even more importantly, to the innate complexity of the economic relationships hoped to be elucidated with the aid of this concept, or rather these concepts. The contribution which this essay seeks to make consists in its suggestion of a way of looking at these things, that while not at all novel, has yet, in the area of capital theory, not been followed through with sufficient perseverance or with sufficient consistency.


  The remaining chapters of this essay critically appraise in turn some of the more important of the confusing aspects of the capital concept as treated in the literature. These chapters show how confusion frequently seems to have arisen from a failure to exploit the insights that we have obtained during the course of the discussions thus far in this chapter. There has been, it may be assumed, little in these discussions themselves with which issue might be taken. The sole purpose of the discussions has been merely to focus attention on a particular way of looking at things. The point at which we do part ways with other writers on capital theory is with respect to the usefulness for this theory, of this way of looking at things.


  Let us consider, for example, the time-honored definition of capital, or of capital goods, that runs in terms of produced means of further production. Factors of production that are not “original”, but man-made, are grouped together as capital goods. Now this may be a very useful definition. There is no doubt that many of the tangible things that are capable of being turned to account in production, are man-made, and that their having this characteristic may be of considerable significance. But this definition is all too frequently accepted in bald terms, completely ignoring the relevant plans that are involved. It is used to focus attention on certain factors of production, and finds a certain uniqueness inhering in this class of objects, viz. their having been obtained by the past productive efforts of men, rather than from direct endowment. The past history of these objects provides a criterion for their definition.[11] Proceeding from this foundation one is then able to discourse further concerning the past inputs, or the “waiting” that are somehow “embodied” in capital goods. And then one is able to formulate propositions that, for example, attempt to relate these past inputs to the contributions that the capital good is able to make to production. If introduced at all, plans play only a subsidiary role in this scheme of things.


  The approach that is here being advanced starts out on the other hand, from the fact that men make multi-period plans, which, prior to their ultimate completion, result in unfinished projects. Attention is then sought to be trained upon the objects of which these unfinished projects consist, for the purposes outlined above. For these purposes no significance is attached to the physical characteristics or the physical history by which these objects might possibly be grouped apart from other objects. The fact that these objects have been produced (rather than received as natural endowment) is in itself of little moment. The significance associated with the circumstance that these objects were produced consists in the fact that all production is planned production, so that produced objects are the results of plans. And since these objects are themselves potential factors of production, their production presumably resulted from plans in which their own eventual employment was envisaged.


  What we suggest here is that the elusive element in the economic system that economists have been trying to pinpoint by their various definitions of capital and capital goods, comes into clear and unmistakable focus as soon as we recognize that at least part of the tangible things present in an economy at any time correspond to the intermediate objects here being discussed.[12] It would seem to us, then, most natural to appropriate the term “capital goods” for the technical identification of such intermediate objects. While no particular importance can be attached to the definitions of particular terms, and another term could very easily be coined for the purpose in question, we offer no apology for saddling the term capital with yet one more (different) definition. Confusion would be heightened rather than lessened by the introduction of a new term for the purpose of identifying these intermediate objects. The principal point to be emphasized is that capital goods, thus defined, are distinguished in that they fall neatly into place in a teleological framework. They are the interim goals aimed at in earlier plans; they are the means toward the attainment of still further ends envisaged by the earlier plans. It is here maintained that the perception of this aspect of tangible things now available provides the key to the unravelling of the problems generally attempted to be elucidated by capital theory.


  The distinguishing characteristic of our capital goods is, then, not a positivist one. Just as a positivist can see in an oven nothing but joined pieces of shaped metal, so will he be unable to distinguish our capital goods from other objects. This is not true of other criteria used to demarcate capital goods from other resources. It remains true, of course, that the identification of a “resource,” as distinct from other physical things, cannot be made without reference to human purposes. But for the distinction between capital goods and other resources, the criteria employed in the literature would be entirely acceptable to a positivist. Resources that have been produced can be shown to be such by observation; resources that are producible (“augmentable”)[13] can be recognized on purely technological grounds; resources that are non-permanent[14] can be similarly identified. The criterion for the identification of capital goods that is advanced here, on the other hand, cannot be applied on a purely empirical basis. Only understanding of the nature of the multi-period plan enables us to focus attention on the “intermediate objects” under discussion. This is completely consistent with the situation elsewhere in economic analysis. Progress in economics starts with the recognition that goods possess “utility”—in other words that goods provide fulfilment for consumer plans. For us the plan is not something that may be invoked (along with other possible explanatory principles) in attempting to explain certain phenomena. Rather, insight into the propensity of human beings to plan imposes the scientific obligation to study the consequences of this propensity. This at once draws our attention to the significant, the relevant features of the real world and provides a theoretical framework into which we may then seek to fit the course of events in this real world.


  Is a Theory of Capital Really Necessary?


  It will be recalled from our discussion of the Crusoe economy that significance attaches to a the “state of affairs” at a point in time primarily when future prospects are being appraised from the point of view of this date itself. The state of affairs that existed at some date already past, when looked at retrospectively, from the vantage point of some later date, is of interest only when one wishes to understand how future prospects must have appeared to those present at the past date; or it may be of interest if this past state of affairs has turned out to have inspired subsequent actions that represented changes in the plan that had previously been mapped out for the future. Where multi-period plans (or portions thereof) have been successfully carried through to complete execution as originally planned, little interest can attach to past intermediate states of affairs. Nothing that has been accomplished demands explanation in terms of past intermediate states of affairs. Everything can be fully accounted for by reference to conditions existing at the times when decisions were made, either at the initiation of entirely new plans or in the revision of earlier plans.


  It turns out, then, that the course of history in a world in which no plans needed to be altered, does not call for economic explanation having recourse to intermediate states of affairs. For a world in which there prevails perfect knowledge of future external change and in which the multi-period plans of all individuals interlock faultlessly, it follows that everything that needs to be explained, outputs, prices, interest rates, and the like, can be explained without seeking causes represented by intermediate states of affairs in the past. For such a world the state of affairs at intermediate stages during the execution of a plan represents only a result, a result that one may wish to explain, but which itself adds nothing to the explanation of the subsequent course of event that could not have been explained by direct reference to past actions (applications of input, exchanges, and the like).


  It might appear then that a theory of capital is not necessary for an understanding of the chains of cause and effect operating in the real world. Events in a multi-period model of a market economy would appear to be determined entirely by other events. Past states of affairs, too, are themselves the outcomes of earlier events. Analysis might seem capable of by-passing consideration of these states of affairs, and proceeding directly to the prime causal elements. These are clearly events rather than states. It seems that this, in effect, is the basis for a number of suggestions made in recent years that economic theory, (explicitly extended to deal with multi-period models), can do without a theory of capital altogether.[15]


  In defense of capital theory several points ought to be made. In the first place there is room for a theory that will explain how “states of affairs” came to be what they were. A theory is required that should account for the particular array of tangible things available at a given date; the particular types of equipment, the particular degrees of durability of the various things available, the particular stages of completion which the various unfinished products have attained, all these need to be explained. This can only be done by an application of multi-period analysis for an understanding of the tangible things that emerge when a series of multi-period plans are, so to speak, arrested in midstream.


  More important, a theory of capital is indeed necessary in order to account for the course of events subsequent to a given date. We live in a world in which knowledge of the future is characteristically spotty, so that at all time earlier plans are being revised. In addition, we live in a world in which equilibrium is characteristically absent, so that the multi-period plans of different individuals do not form a faultlessly interlocking system. For this reason, too, earlier plans are being continually revised. These revisions of plans cannot be understood without reference to the stocks of equipment, raw materials, half-finished products and finished products, that are available at the relevant dates. What is required is a theory that will explain the new multi-period plans that will be made, the new forces acting to determine prices and interest rates, outputs, industry size and organization, future rates of accumulation of stocks of new tangible things, and so on, that follow from the presence, at a given date, of a particular array and distribution of capital goods. For all this we require an articulated, fully worked out theory of capital.[16]


  In this view of the role of capital theory, we join those writers who have deplored the long standing, almost traditional, tendency to see capital theory as a mere adjunct to the theory of interest. Interest rates represent merely one particular kind of price—the intertemporal price—that is determined, along with all the other market phenomena, by the multi-period plans that are being made by market participants. Of course capital theory is involved. But capital theory is required in order to understand the current market price for shoes, just as much as it is required in order to understand the ratio between the future price of shoes and the current prices.
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  CHAPTER TWO


  STOCKS AND FLOWS


  Despite the controversies surrounding the definition of capital, there seems, Haavelmo found, “to be at least one aspect of capital which is not very controversial: That capital must have the dimensions of a stock concept, something at a point of time, t, and not something per unit of time.”[1] As Haavelmo points out, here the agreement on definition ends. Nonetheless the concept of capital as a stock as distinct from other economic variables, that are flows, has played a more important role in some approaches to the capital notion than it has in others. This chapter is particularly concerned with these approaches, and will appraise them from the vantage point of the capital concept developed in the preceding chapter.


  Our concept of capital too, it will have been observed, sees it as a stock, not a flow. However, the stock of capital is, on our view, seen as the planned outcome of a series of past activities (“flows”) and, at the same time, is seen as the basis of plans already (at least partly) formulated for a future series of activities (“flows”). One of the characteristics of some of the alternative approaches which stress the “stock” character of capital, is that they employ this “stock” character to permit the analysis of the role of capital in static economic models. In other words, because capital itself is not something per unit of time, it is seen as being able to be assimilated into models of the economic system in which no time is permitted to elapse, or at least in which time-subscripts do not matter.[2] It is the “timeless” character thus attributed to capital which has enabled these writers to deal with the problem that Hicks has recently described as: “how is capital to be fitted in to a static theory?”[3]


  The “Presence” of Capital Stocks


  What is characteristic of these latter approaches is that they admit capital goods into the production function by viewing production as depending simultaneously on two kinds of inputs, flow inputs and stock inputs. Output results, in this view, from the application of service flows, in the presence of stocks of capital. Capital contributes to the process of production by its presence. Vernon Smith sees the “distinguishing characteristic of capital goods” to be “simply that their presence, in the form of physical stocks, is required if production is to take place.”[4] Haavelmo, dwelling on the stock character of capital, draws from it the “fundamental conclusion” that the influence of capital on output is “due to capital being present in the process and not to the fact that certain parts of it are used up in the process.”[5] This way of looking at things, Haavelmo believes, removes “the mystery of stored-up land and labor from the definition of instruments of production.”[6] (Enke, going even further, insists on the possibility of treating production functions as “instantaneous relations” in which all inputs are treated as stocks.[7])


  In this approach, it will be observed, it is the durability of capital goods that is being emphasized. Other inputs, it is being pointed out, contribute to production by being “used up.” The essence of capital goods, on the other hand, is seen in their remaining extant even after their “presence” has enabled the “flow” inputs to be transformed into output. The capital goods have, through their presence, provided “services” (without themselves losing any of their potential to provide such services in the future). These “services” may be viewed as flowing, as being “used up,” but these services are provided by the mere presence of something that is itself not used up by their creation.


  It is to be noted that this way of looking at the productive role of capital goods represents, not so much an application of their “stock” character, as a (rather dubious) extension of this feature. It is one thing to notice that capital goods exist at a point in time. It is quite another thing to see the productive usefulness of these goods as consisting in their mere existence. The view that sees the role of capital goods as consisting in their mere presence, implies not only that capital goods exist, but that their continued existence over time is completely unaffected by the productive contribution which they make. If, as it may be claimed in its defense, this view of the role of capital goods depends on exclusive concentration upon a given instant, then it has been secured at the price of all the important insights that the recognition of multi-period planning can confer. The crux of the matter seems to depend, we will attempt to show, on the way one looks at the production function.


  A production function can be looked at “positively”. As such it represents simply a set of technological relationships. On the other hand, a production function can be looked at as representing opportunities, from among which a human being is able to make a choice. Clearly an economics in which market events are seen as the results of deliberately planned actions, ought to view production possibilities, in this second way, as alternatives from among which planned courses of action may be constructed.[8]


  Now, on the first view on the production function, (i.e., from a purely technological point of view), there is nothing to deter us from considering thinner and thinner slices of time. We can observe the inputs fed into a process of production during any short period of time, and observe the outputs yielded during this interval. By choosing a sufficiently short interval we can certainly arrive at short processes of production in which, as far as can be observed, part of the yield is to be ascribed merely to the “presence” of certain things, which emerge at the end of the interval in apparently the same form in which they entered the process.


  But if we look at a production function from a “planning” or “decision-making” point of view, matters are quite different. We are no longer at liberty to select arbitrarily any interval of time we choose, and to consider it entirely on its own. We are forced to recognize that the plans that men make are multi-period plans. If we select arbitrarily a slice out of the overall span of time envisaged for a multi-period plan, we must be prepared to concede that this slice represents only a portion of a plan. What has been planned for this slice of time cannot be understood unless taken within the context of the particular overall multi-period plan that is relevant.


  It follows, then, on this “decision-making” view of the production function, that to treat capital goods as if they were permanent goods, when in fact they have been constructed as part of a plan in which they are to be ultimately used up, is a distortion that ought not to win acceptance merely because a sufficiently short period of time is being considered. What may be acceptable as a technological description of what goes on in a selected short period of time, is grossly unsatisfactory as an economic description—that is, as a description of the course of events in terms of relevant human decisions that have been made.


  This difference between what may be acceptable as a technological description, and what is required for the economic description, can be perceived perhaps more clearly by considering a succession of thin slices of time taken together. Let us suppose that the aggregate interval of time is long enough for a capital good to have reached the end of its working life and to have been replaced by another. Now from the positive, technological viewpoint, there can be no objection to a description of the process as having merely required at all times the “presence” of the capital good. And, taking in aggregate the above technological descriptions of what takes place in each of the thin time-slices, this is in fact the total picture obtained. And yet, from the point of view of the decision maker, what has taken place is far more complicated. Originally the capital good was acquired, in full awareness of its prospective working life, as well as the associated maintenance and operating costs on the one hand, and annual output on the other hand. The capital good was acquired with the intention of “using it up” over its life time, in the production of output. Clearly the economic descriptions of what takes place during the various thin time-slices must be capable, at least, of being pieced together into an overall story that does not run in flat contradiction to the economic facts. To do otherwise is to force the description of economic events into a mould no longer suited for economic analysis, i.e. a mould in which events are perceived, not as parts of plans, but as arbitrarily-cut slices of history “positively” considered.


  Stock Demand and Flow Demand


  Nothing that has been written in these pages should, it is hoped, be understood as necessarily implying criticism of the distinction frequently drawn between “stock demand” and “flow demand,” in respect to capital goods. This latter distinction is invoked in analyses of the market forces operating upon the prices of capital goods. It is argued that capital goods involve two kinds of market situation. On the one hand, the stock of capital goods at a given date is a datum, and can be expected to be altered only gradually. This characterizes the market for existing capital goods as one for a good that is virtually not able to be produced nor destroyed at all, so that its supply curve is perfectly inelastic. On the other hand, given sufficient time, new capital goods can be produced, and existing ones depleted through current use. So that alongside the market forces relevant to capital goods treated as a given stock, there are operative the market forces relevant to these goods treated as flows. Recognition of these two sets of interacting forces, it is claimed, provides insight into the process of capital goods accumulation and pricing.[9]


  Now this Clower approach, like those discussed in the preceding section, depends on the notion of a given size of stock of capital goods, at a given time. Moreover, this approach is able to integrate these two sets of market forces pertaining to capital goods only by assuming that the “flows” of capital goods during a single short time period are small enough to permit the analysis of the price of existing capital goods just as if this stock was, in fact, unaltered in size during the period. In other words, this approach, like the approaches criticized in the preceding section, assumes (at least at one level of discussion) that capital goods are not “used up” during small periods of time. Nonetheless the criticisms of the preceding section do not apply to this approach.


  One may indeed entertain doubts concerning an analysis in which the simultaneous critical assumptions are that the stock of capital goods is, and that it is not, constant during the passage of a period of time.[10] But we can find little to quarrel with in the assumption of an unchanging capital stock itself, in this context. What the Clower approach is saying is merely that two kinds of (interacting) adjustments are taking place on the capital goods market: (a) adjustments primarily affecting the prices of given goods, and (b) adjustments in the flows of these goods into and out of the sphere of production. Clower chooses to polarize these two kinds of adjustment by talking as if the first kind of adjustment was able to be carried on as if there were no second kind of adjustment at all. The assumed constancy of the capital stock is thus a simplifying one, that does not affect the essence of what is being discussed. It does not imply that capital goods are not used up during the processes of production to which they contribute, (after all the whole purpose of the analysis was to integrate the theory of capital goods being used up, with that of the stock of existing goods). On the other hand, the approaches criticized in the preceding section, emphasize the constancy of the capital stock because, on these approaches, it is of the essence of capital goods that their contribution to production leave these good intact; capital goods are not used up in production.


  Are Capital Goods “Used Up” in Production?


  We have seen that the Smith-Haavelmo approach to short run analysis is to treat capital as if it were, unlike other inputs, not “used up” during production. For some capital theorists such a treatment would be to rob capital of one of its essential features. For Hayek, for example, a definition of capital must exclude “permanent resources” from the capital category. It is for Hayek of the essence of capital that it is comprised of resources that have limited life.[11] On the other hand for Lachmann the capital category is broad enough to include resources that never become used up,[12] although, even for short run, this property is certainly not seen as the crucial capital criterion. For the approach outlined in the preceding chapter, again, whether or not resources are “permanent” is not of first importance; but, on the other hand, where a multi-period plan of production does envisage the using up of resources over time, then, as we have seen, this approach insists that this aspect of the plan not be suppressed. The differences between these various approaches to the question of handling the using up of capital goods during production, is brought out very sharply in the various treatments accorded to the notion of depreciation.


  Haavelmo cites the views that the “input” from a capital good is simply its rate of depreciation. For Haavelmo this idea is “very dangerous and misleading,” and, from the point of view of production theory, “hopeless.”[13] Elsewhere he describes this idea more mildly as not perhaps “entirely hopeless” in itself, “but as unnecessarily complicated from a technological point of view.”[14] It results, Haavelmo thinks, from a natural tendency to ask what it is that “goes in” in order that the additional product made possible by capital goods should “come out.” And, as we have seen, this is, for Haavelmo, an inappropriate question with respect to capital goods. Capital goods play a role in production by merely being present and yielding a flow of “services” during each period of time. There are many processes of production in which depreciation is very slight indeed in comparison to output. This suggests, Haavelmo argues, that for something to “come out” of a capital-using process of production it is not really necessary at all for anything of the capital to “go in”. Additional output may be technologically attainable merely by adding the presence of a catalyst, in the form of capital goods. So that even if depreciation of these goods does occur during the course of a process of production, it is wrong to consider this depreciation as the relevant “input.” Thus for Haavelmo an isoquant map describing a capital-using process may not be assigned an axis measuring the physical deterioration of capital as one of the inputs.


  Enke, too, insists on using a production function in which the presence of capital goods, (not their physical deterioration), is relevant to the level of output. However, Enke demands that, for the determination of the optimum mix of capital goods and other factors of production, the cost of capital goods include, besides the interest or rental charge involved, also an item for what he labels “time depreciation.” “Time depreciation” during a period of time, is a function of the stock of real capital employed, in contrast to “use deterioration” which is a function of output quantity. Use deterioration of capital goods does not affect the cost of using larger or smaller stocks of capital, and hence does not effect the marginal choice between capital and other (non-capital) means of production.[15] In fact, for Enke, use deterioration, while a genuine input, has really nothing to do with the “capitalistic” aspect of a production process at all; use deterioration is a flow input, capital is stocked. On the other hand the presence of capital stocks does involve time depreciation, and this does affect the optimum combination of capital goods and other means of production. Enke is thus able to define capital in such a way as to distinguish sharply between the employment of capital stocks on the one hand, and the non-capital flow input constituted by the use-deterioration of stocked capital goods on the other. While treating capital goods as means of production by virtue of their presence (as Haavelmo does), Enke yet insists that the cost of the presence of these goods include an item to cover their time depreciation.


  Enke’s argument insisting on the need to allow for time depreciation in the cost calculations involved in the determination of the optimum capital-labor mix, affords a further useful opportunity to notice the two ways of looking at the production function, that were mentioned earlier. A production function can be seen as a positive statement of technological relationships, or it can be seen as presenting a set of opportunities relevant to prospective planning. Corresponding to these two views on the production function are two ways of looking at the optimum factor combination obtained by comparing an isoquant map with an isocost line. We have seen that, on the second, “planning” view of the production function, this function must be constructed within an explicit time framework relevant to multi-period planning. On the other hand, we found, on the “positive” view, a production function can be constructed in principle for arbitrarily-cut slices of time, no matter how thin. Now, on the latter “positive” view, the minimization of cost that is required for the optimum factor combination must involve those items of cost that seem technologically relevant to that portion of the process of production under consideration during the arbitrarily thin slice of time. Since the time-slice may not be relevant to any plan whatsoever, the “cost” (associated with the corresponding portion of the process of production) may not be in the nature of an opportunity cost altogether. If no plan is relevant, there can be no question of foregone alternatives, of genuine economic cost. All that is possible is a technological concept of cost, for the determination of which the accountant will seek to assign a value to what has been used up during the time slice. It is for this reason that for Enke the deterioration in capital stocks that has occurred during this time slice (purely as a result of the passage of time) must be charged as part of the cost of commanding the productive “presence” of these stocks during this time.


  But on the “planning” view of the production function this treatment is not at all appropriate. The optimum factor combination, on this view, represents one particular course of action (out of the many courses of action that make up the production function), that appears optimal to the producer planning his future activities. For the producer who is contemplating alternative multi-period courses of action, therefore, an optimum factor combination can exist only in the context of a production function that is itself multi-period in scope. One can ask what the optimum capital-labor combination is, only at times when the producer is able to vary their combination, i.e. when he is forced to decide which combination to adopt in his production plan. If, for example, the producer has already invested in particular specific and immobile capital goods, then the search for the optimum capital-labor mix does not have to take account of the cost of these capital goods, insofar as they represent sunk, irretrievable investment. For a producer in this position, therefore, time-depreciation is quite irrelevant; in fact, interest charges on the investment will be equally irrelevant. (Insofar as varying intensity of use affects the durability of the capital goods, of course, then “user cost” will certainly be relevant, but this is different from depreciation.) On the other hand, if the capital goods have not yet been acquired, then of course time depreciation is a relevant cost; but the entire picture is now one in which the term “depreciation” hardly has a place. If we consider the decision maker before he has acquired capital goods then his decision involves a comparison between alternative multi-period projects. A relevant aspect of any such project will of course be the rate at which capital stocks will deteriorate, and will require maintenance and/or replacement expenses in order to be maintained intact. (In this “long-run” context, indeed, the sharp distinction drawn by Enke between use deterioration and time depreciation, seems quite unimportant.)


  Similar considerations apply to Haavelmo’s refusal to consider the input of capital goods as consisting of their depreciation. To the economist “input” refers to what the producer must plan to apply to a process of production. From the multi-period planning viewpoint it hardly makes sense to focus attention separately upon one out of a large number of future periods of time. Certainly, if this one period is one for which the process of production will have been already irrevocably fixed by earlier multi-period decisions, there is little that can be said about it that is relevant to economic (as distinct from technological) considerations. On the other hand, on viewing prospectively a large number of such periods of time in succession, the “input” that is represented by particular capital goods certainly does appear as the investment that will be consumed over the lifetime of the goods, if their life is limited. In other words, for the “short run” Haavelmo would be right to ignore depreciation, but wrong in discussing a capital using production function involving capital as an input, as if it were relevant to economic decision-making. On the other hand for the longer run, for which decisions with respect to capital goods are feasible, Haavelmo would be wrong to view the production process as one in which these goods are not used up, if in fact they are used up (and if this fact is taken into account by the long-run decision-makers). Only if capital goods were completely non-specific and perfectly mobile, would decision-making for the immediately following slice of time, however thin, be relevant at all times (during the course of a multi-period process of production) to the capital goods employed; only then would the Haavelmo-Enke arguments be genuinely relevant.


  Hicks and the Stock-Flow Production Function: A Digression


  Our discussion of the Smith-Haavelmo use of stock-flow production functions, (in which the inputs are flows of labor services in the presence of stocks of capital goods) and our criticism of this notion, makes it of interest to digress briefly to consider a different kind of stock-flow production function that has been employed by Professor Hicks.[16]


  Hicks explicitly attempts to construct a production function that should correspond to production processes that take time. To do this he considers a period of time, and notices that at the beginning of the period there exists an initial capital stock, while at the end of the period a closing stock of capital is left over. During the period there are applied flow inputs, and there emerges a flow output. The relevant inputs, argues Hicks, are thus the initial stock of capital and the flow inputs applied during the period. The outputs are the flows emerging during the period, and the stock of capital remaining over at the end. Between these four items (flow inputs, stock inputs, flow outputs, stock outputs) there will exist, with given technique, a production relation that can be expressed as the production function.


  It is apparent that Hicks’ stocks of capital play a quite different role in his stock-flow production functions than do those of Smith or of Haavelmo. For the latter the importance of treating capital as a stock consists in that this enables the process of production to be viewed as one in which capital goods contribute to production without being themselves used up. For Hicks this is not at all the case. On the contrary, he sees the change that occurs in the stock of capital goods between the start and the close of the period as an important aspect of the production process, treating the initial stock as an input, and the closing stock as an output. For Hicks the stock character of capital is relevant merely because a “balance sheet” is drawn up at the start and at the close of the period. At given dates there exist particular stocks of capital; during the intervening period flows of inputs and outputs occur. Hicks’ time-conscious production function embraces both sets of elements.


  In fact Hicks’ production function is vastly superior to that of Smith and Haavelmo precisely in its attempt to represent the period of time that a production process requires. It might even at first glance appear that Hicks’ production function is identical with that which we have called for in this chapter in order that the function be relevant to multi-period planning. The decision-maker contemplating a particular multi-period plan is contemplating, just as Hicks describes, the application of an initial stock of resources in conjunction with subsequent additional applications of inputs. It might seem that Hicks has provided us with just the tool that we have been asking for.


  This, however, is not the case; Hicks’ production function, while not an “instantaneous” function (and thus certainly superior to the Smith-Haavelmo apparatus), is easily seen to be cast on what we have termed “positive” (rather than economic) lines. This is apparent when Hicks discusses the time-shapes of the flow inputs and outputs during the period of the production process. Hicks shows little compunction in principle to slicing up time into thinner and thinner slices; it is apparently of little moment that the resulting production processes, despite their taking up time, are nonetheless merely arbitrary segments of the process as a whole (that is relevant to multi-period planning).[17]


  Capital Stocks and Income Flows


  Any discussion of capital in which its “stock” character is emphasized, must sooner or later come to deal with the distinctive concept of capital that is associated with Knight and his followers. Professor Knight’s theory of capital will be of particular concern to us in the succeeding chapter; in the present chapter we refer to this theory only insofar as it impinges directly on the stock concept that has been associated with capital.


  Knight’s view of the economic process is well-known. Of prime importance to this view is the sharp distinction that is drawn between agencies that render service, and the services so rendered. “What is in fact consumed in economic life is exclusively services, and accordingly, the primary meaning of production is the rendering of service.”[18] Unlike the agencies that render service, services themselves do not “exist” apart from their flow in time. Capital goods are simply the sources of streams of service. The latter have existence only as flows in time; capital goods exist at particular points in time. Capital goods are stocks, service streams are flows.


  Moreover, by viewing capital goods as sources of flows of services, Knight is able to focus attention on an element common to all such goods (and to Knight both land and labor are to be included along with productive instruments, as capital). The element that is common to all agents of production is that they constitute “sources” of future service flows. Capitalization of the yield of a source of future service flows provides us with the value of the source.


  By paying especial attention to the case in which a “source” yields a perpetual steady flow of services (after deducting an amount sufficient to maintain the source itself at all times), Knight is able to go even further. Any instrument of production is perceived as a “fund” of capital, a fund from which there is able to flow such a perpetual steady flow of services. Productive plant “is measured by the perpetual service income which it can be counted upon to yield. In other words, plant itself, in its quantitative aspect, is perpetual (regardless of changes in physical form), except for a possible net disinvestment in society as a whole.... Quantitatively speaking, any two pieces or items of wealth are to be compared as perpetual incomes....”[19]


  It is important to notice the distinctive features in Knight’s conception of capital as a stock, (as opposed to a flow). These features set Knight’s approach apart from that of Haavelmo and Smith discussed earlier (despite some superficial similarities); they set Knight’s approach completely apart from that developed in the first chapter of this essay; in fact the distinction that exists for Knight between stock and flow is quite different from all the other means by which stocks and flows are kept separate by writers on capital theory.


  For Haavelmo and Smith capital was stocked in the sense that producers required the presence of capital goods without necessarily using them up, in order to raise the output obtainable from the application of flow inputs. For the approach outlined in the first chapter of this essay, capital goods are a stock, because they are what is found when the state of an unfinished project is appraised as of a particular date. Similarly for Hicks, as cited in the preceding section, capital goods are a stock because they are found when a balance sheet of an economic system (or a segment thereof) is drawn as of a particular date. For Fisher or for Fraser, discussing the possibility of defining capital, as Knight himself in fact does, so broadly that all items of wealth may be part of capital, capital is yet not the same as wealth: capital is wealth looked at from a particular point of view; it is the fund of wealth available at a given moment, as opposed to the flow of wealth produced and consumed during a given period.[20] The distinction between fund and flow that is for Knight of first importance in the theory of capital, is quite different from those relevant to these various points of view.


  For Knight a special significance attaches to exchange transactions in which a perpetual flow of service is exchanged for an agency which is able (through judicious earmarking, out of the gross yield, of maintenance and replacement reserves) to act as a source of such a perpetual flow. The capital market has the function of ensuring a tendency for such transactions to be carried out on terms in which the rate of discount equates the capitalized values of the future streams of services to the costs of production of the agencies. In a perfect capital market any stream of services of whatever time-shape can be exchanged for a perpetual steady stream at the equilibrium rate of discounting. So that, as already observed, each instrument of production can be viewed as embodying the power to generate a particular perpetual service flow. It is this relationship between agencies, or sources, of perpetual steady service flows, on the one hand, and these service flows themselves on the other hand, that represents for Knight the relevant aspect of the stock-flow dichotomy. The economic world at any given time consists of a stock of “things” each of which is to be viewed as a potential source of a perpetual steady flow of services to be consumed. As of different dates an economy will possess different sizes of capital stocks, as a result of investment or disinvestment. At any one date the potential perpetual flows of future services are represented by the existence of the sources capable of yielding these flows. Capital is the fund from which an endless stream of future income can be drawn.


  Knight and the Permanence of Capital


  It will be observed that an essential element in the foregoing capital-income scheme is the postulated permanence of capital. Despite the fact that individual instruments of production have only finite productive lives, the capital that is embodied in these instruments is conceived of as permanent: when an instrument “dies” the capital that was embodied in it continues to have existence in the instruments that replace it (these replacements being made possible by the accumulated depreciation allowances set aside from the gross yield of the first instrument). It is only this notion of the permanence of capital that enables a particular instrument of production to be viewed as the source of a perpetual steady flow of services.


  The permanence of capital as viewed by Knight is, however, not to be confused with the treatment of capital goods at the hands of Smith or of Haavelmo. The latter choose to look upon capital goods as not being used up in production; they are referring to particular instruments of production, and they find it convenient to treat them, when thin time slices are being considered, as if their contribution to processes of production left them in unaltered condition. Knight is not referring at all to particular instruments of production when he asserts the permanence of capital; he is referring to the abstract capital embodied in these particular instruments. Nonetheless, the Smith-Haavelmo approach does possess aspects of similarity to that of Knight. Some of these aspects are of relevance to the matters to be discussed in the succeeding chapter of this essay. Insofar as the present chapter is concerned, the significant similarity is that both approaches look upon capital goods as sources of service flows. For the Smith-Haavelmo view it is convenient to imagine that particular instruments of production are capable (at least for short periods) of rendering services without themselves being used up. For Knight the capital embodied in a particular instrument of production is capable of generating an income flow indefinitely without impairing its capacity to generate further income, because adequate “maintenance” (under which category Knight includes what is generally considered “re-placement”) can indefinitely “prolong the life” of the agent. (While expositions of Knightian capital theory are sometimes couched in language suggesting that particular agents themselves are permanent in the sense of not being used up in production, this is merely a loose way of referring to the permanence of the abstract capital which, in the Knightian view, is embodied in particular instruments.)


  Knight’s emphasis on this permanence of capital has been repeatedly attacked as “mystical” or as involving “mythology.”[21] In a famous paper[22] Hayek, especially, has attacked the notion of a homogeneous fund of abstract capital represented by the particular heterogeneous non-permanent resources available at a given date, and the idea that such a “fund” can be transformed from one concrete form into another. Fraser has written of the pure mysticism of Knight’s view that the capital invested in particular non-permanent instruments of production is “a kind of substance or vital spark” that lives on after they are used up or disposed of.[23]


  Some of the “mysticism” of the Knightian position has been removed by recognizing its assertion of the permanence of capital to be no more than a figure of speech suggested by the economics of the case Knight considers to be typical. In Kaldor’s words, “investing in 30 houses, one of which falls due for replacement and is planned to be replaced every year ad infinitum, is the same thing as investing in a house which lasts forever, while a certain sum has to be paid out each year to keep it in repair.”[24] Or, as Dorfman puts it, the Knightian position merely asserts tautologously “that under stationary conditions every capital item entails an obligation for perpetual replacement.”[25]


  The purpose of employing this figure of speech is clearly that of being able to focus attention on the source-flow dichotomy noticed in the previous pages. So long, the Knightian position would maintain, as economists allow themselves to be preoccupied with the petty problems associated with the limited lives of particular bits of equipment, they cannot hope to be able to stand back and glimpse the underlying long run economic relationships that transcend the lives of these specific pieces of equipment. For the Knightian position the important feature associated with the holding of a piece of productive equipment is that possession now of this “thing,” confers command of a perpetual flow of services; this piece of equipment can be seen as the source of a never-ending stream. This insight is reinforced by the cultivation of a manner of speech in which attention is. withdrawn from the concrete, short-lived bit of equipment itself, and turned instead on the abstract “capital” which it may be considered to represent—a capital which, in the above figurative sense, can be viewed as permanent.


  The Knightian position thus views the world, and the continuing course of economic events in this world, in a very special way in which the stock-flow dichotomy plays a decisive role. At any given time the world consists of a collection of things. As time proceeds men draw streams of output by virtue of their possession and judicious maintenance of these things (such maintenance being made possible by the streams of gross output themselves). Nothing is required for the enjoyment of these streams of output except the maintenance of these things. No flows of input have to be applied from outside the system; all possible flows of input, including labor, are seen as emanating from “things” that are possessed and maintained within the system. What an economy may consume over time depends merely on the collection of things that exists and is maintained. It is as if the course of economic events flowed automatically and effortlessly from the stock of things possessed—the only demand made on human decision-making being the requirement that at all times attention be given to allocating a sufficient fraction of the output flow for the maintenance of the capital stock. For an increase to occur in the stream of output, it is necessary to set aside a larger portion of current output for the creation of new resources.


  We are not directly concerned in this essay with Knight’s productivity theory of interest (nor, for that matter, with any interest theory), but it is of significance to notice how the Knightian view of capital has built into itself the notion of a productivity rate. With all output being considered to flow automatically from the existing collection of resources, we have immediately the notion of a definite rate of flow of output in relation to the existing capital stock. In Knight’s view this rate depends on the aggregate stock of capital held at a particular time. The market process is relied upon to guarantee a tendency towards individual producers investing their capital in those ways that will exploit for each of them individually the productivity rate relevant to the economy at a particular time.[26] By these assumptions the Knightian position is thus able to look on each particular resource as a source for a future output stream that will flow at the universal productivity rate. The essence of capital theory, in this view, is the analysis of the way these relationships work themselves out through the market, determining interest rates, capital accumulation, the organization of production, and so on.


  A Critique of the Knightian View


  From the point of view of the present essay the fundamental objection to the Knightian way of looking at things is a very simple one. It has already been stated by Hayek in a footnote to his essay on the subject, cited in the previous section.[27] Hayek points out that an investment (through the sacrifice of a short segment of income flow) yields in the first place only another limited segment of income flow (of different time shape); and that “this limited income stream which is the result of the first investment becomes a permanent income stream only by an infinite series of further decisions when the opportunity of consuming more now and less in the future has to be considered every time. By jumping directly to the desired result, the permanent income stream, Professor Knight slurs over so much that is essential for an understanding of the process that any use of his concept of capital for an analysis of the rôle of this capital in the course of further changes becomes quite impossible.” This presents the objection admirably. The present section will dwell on this objection and attempt to relate it to the conceptual framework advanced in the first chapter of this essay.


  It will be recalled that in that chapter the case was presented for a treatment of capital goods that should relate them specifically to a relevant system of production plans. Capital goods should be recognized in the first place as the interim result of as yet incompletely fulfilled plans of production formulated in the past. In the second place they should be recognized as playing a decisive role in any new production plans that may be formulated now (including under this heading the possible modification of the later stages of earlier plans not yet completely carried out). It was argued that the theory of the market proceeds by the analysis of individual decision-making and of the way in which individual plans have mutual impact upon one another. The appropriate way to study the role of capital in the economic process, it was therefore maintained, must be found in the similar analysis of the multi-period plans made in the market. Any concept of capital goods which fails to relate them to multi-period planning in the manner described, is thus of severely limited value for the explicit extension of the theory of the market to the course of economic events over time.


  In conjunction with these principles it was also pointed out in the same chapter that the desired recognition of the planned character of capital goods might, nonetheless, lead to error. The assignment of function to particular capital goods (by making reference to the use which had originally been planned for these goods) might lead to overlooking the necessity for additional decision-making in the future. It might thus lead to a view that the presence of a good automatically guarantees the flow of services for the sake of which that good was originally produced. It was pointed out that where a steady level of production is maintained continuously for some time there exists a temptation to view the current maintenance of the stock of capital goods as input required for the production of current output. In other words there is a temptation to ignore the planned character of capital goods maintenance, to overlook the fact that capital goods maintenance is undertaken as part of a series of plans being made for the future—even if only to ensure that future output does not fall below current output. A failure to withstand this kind of temptation involves acceptance of the notion that the future will take care of itself so long as the present “sources” of future output flows are appropriately maintained. These kinds of temptations, it was further pointed out, become even more difficult to resist in a system where monetary calculation can be employed. The Knightian approach reflects perfectly the way in which this misleading and unhelpful notion of “automaticity” has been developed into a fully articulated and self-contained theory of capital.


  In the Knightian view, indeed, the future course of production is completely determined by the present state of affairs. The instruments of production possessed now are the sources of future flows of output. Because all future inputs flows can, in this view, be seen as represented now by something (or some person) that serves as the source of these future flows, and because maintenance of these sources is seen as somehow a matter of mere routine calling for no particular decision-making, we are presented with a picture of the world in which the future is entirely capable of taking care of itself. The future flows automatically from or “grows” out of, the present. Professor Knight has himself given us a description of the simplified situation which, it seems, most faithfully mirrors the essential features of the real capital-using world as Knight sees it. Knight draws a picture of an economy, “Crusonia,” in which all that is consumed is obtained from “the natural growth of some perennial which grows indefinitely at a constant (geometric) rate, except as new tissue is cut away for consumption.”[28] This picture represents a number of abstractions from the real world. What is, from the point of view of the present essay, the most arresting and most objectionable of these abstractions, is that which portrays the flows of consumption “goods” in the model as forthcoming automatically (“growing”) from the capital stock on hand. No room is left for planning, for human decision-making, at the production level. All that is left subject to human decision is how much is to be consumed in each period. Once this has been decided, the future course of events inexorably follows.


  What the Knightian view has chosen to do is thus to see the essential elements of the economic process that are relevant to a theory of capital as consisting in those aspects of the problem that do not involve multi-period planning at the level of production. For the purpose of the analysis which the Knightian theory of capital is designed to contribute we are asked to assume that the appropriate relevant plans will somehow be made. We are told in effect that these plans do not have to be explained; that once we have explained the present state of affairs, we have explained all that demands explanation in connection with the entire future course of events. From the point of view of the present essay, it is clear, the Knightian approach has, by this procedure, simply renounced claim to being able to offer an explanation of the course of economic events in a capital-using world. To repeat Hayek’s remark once again this concept of capital slurs “over so much that is essential for an undertaking of the process that any use of [it] for an analysis of the rôle of this capital in the course of further changes becomes quite impossible.”


  Capital and Income


  Our discussion of the Knightian view of capital as sources of perpetual service flows, leads us to reflect on the more general capital-income dichotomy. None of the criticisms leveled at the Knightian approach have any application, of course, to the validity of the capital-income concept as an accounting tool. A distinction between capital and income does not imply that the economic process in fact resembles an everlasting tree that spontaneously yields fruit every year (as the Knightian view chooses to imagine) but merely that someone wishes to distinguish between “the fund of wealth available at a given moment,” on the one hand, and “the flow of wealth produced and consumed during a given period” on the other hand.[29] The Knightian view has, in fact, illegitimately transferred these (superficially) smooth accounting concepts to a realm of discussion where they do not belong and where their use hides rather than reveals the true chains of cause and effect. Nonetheless critical attention from a capital theory perspective deserves to be paid to the capital-income dichotomy, especially from the point of view presented in this essay. We will discover that this will raise still further problems for the Knightian approach.


  Economists have long struggled to formulate acceptable criteria for the distinction between capital and income.[30] Fisher chose to define income as equivalent to consumption. Of the gross output that rolls off the assembly lines during a given period, only that portion which is consumed during the current period should, Fisher argues, be termed current income. All the rest of the gross output consists of goods that will yield consumption services in future periods of time. They should be kept apart from current consumption. Fisher chooses to reserve the term “income” to denote only this latter category.


  It is to be noted that both “gross output” and “consumption” are magnitudes that correspond to definite economic entities. It is true that neither the magnitude of gross output nor that of consumption can be known in advance (merely from a knowledge of the initial stock of capital goods) until the appropriate production and consumption decisions have been made. (And, indeed, critics have objected to the use of these magnitudes as measures of current welfare possibilities on the grounds that each of them depends somehow arbitrarily on the pattern of human decisions. Thus Kaldor objects to Fisher’s definition of income that it makes income depend on the saving-consumption decision.[31] Similarly Samuelson argues that gross output does not offer a measure of the current welfare possibilities created by production, because gross output is not a definite figure, it depends on the intensity with which one wishes to utilize the existing stock of capital goods.[32]) Nonetheless, at least ex post, both gross output and consumption have unambiguous economic meaning.


  It is of interest, then, that neither of these two magnitudes has been generally accepted as an income concept. Gross output has been rejected because of the desire for a “net” concept, in the sense to be discussed below.[33] On the other hand, Fisher’s insistence on consumption as the appropriate income magnitude has not found favor because, as noted above, it does not provide a measure of the potential volume of consumption attainable (in the absence of a decision to save). Instead of these two unambiguous economic entities economists have generally searched for a definition of income that should equal “net output”. Most of the difficulties surrounding this search have to do with just what is wished to be intended by the “netness” of this latter term. We will discover that net output is a magnitude that corresponds to no well-defined economic category at all, but is imposed artificially upon an account of the actual course of economic events in order to fulfil a specific accounting motive that many people hold to be important.


  Matters will be made clearest by referring to the Hicks-Hayek definition of income. This identifies income as the “level of consumption flow permanently attainable.”[34] It is the maximum amount one can consume during a period without making it impossible to maintain this level of consumption indefinitely. Gross output is rejected as the income category because if all of it were to be consumed this would mean that the capital goods that contributed to the production of this year’s gross output would no longer exist in intact form for next year’s process of production; next year’s output will be smaller. Consumption is similarly excluded, because a decision to consume very little will mean that one is consuming less than all that could be consumed without diminishing future consumption; such a case constitutes, in some sense which these writers are attempting to make precise, living below the standard set by one’s income. What is sought is a criterion by which to separate, out of a period’s gross output, that amount which must be ploughed back into the production process (if current production possibilities are to be maintained indefinitively) from the portion of gross output that can be consumed (without affecting the continued availability of current production possibilities).


  The portion of gross output that is not net output in this sense, is thus that portion of it necessary to restore (or replace) depreciated equipment to their original quality, (so that next year’s initial stock of capital goods be not smaller in any way than that of the current year). Intact maintenance of capital requires that this difference between gross and net output, not be consumed. Consumption of any portion of this difference must be considered consumption of capital, not consumption of income. Such consumption of capital constitutes “living beyond one’s income;” one is consuming now at the expense of being able to maintain a steady level of consumption over future periods of time.


  Useful as such a net output, or income, concept undoubtedly is, it is for the purposes of this essay important to point out that there is no natural economic magnitude that emerges from the description of the economic process which can be identified with the concept. Net output, or income, does not constitute a well-defined economic pie in its own right, (such as gross output is, or as consumption is), it is an arbitrarily-cut slice of a larger pie.


  Economists have long noted the arbitrariness of the capital-income distinction. There is nothing that makes it more natural to seek to maintain a steady income than to seek an income stream of different time shape. So that there is no particular a priori importance that is attached to the accounting criterion for the determination of the size of the portion of gross output necessary to maintain capital.[35] But there is still a further difficulty that, from the point of view of this essay, calls for special emphasis.


  This difficulty has to do with the notion of “constant income” Hayek alludes to some of the difficulties involved. In order “to give the concept of a constant income stream an objective meaning,” he observes, it is necessary “to postulate identity of tastes at successive moments.”[36] This is required not only in the sense that relative preferences remain comparable from year to year, but also in the sense that the absolute satisfaction derived from one year’s income is the same as that derived from that of any other year. It is not enough to say that an income stream is constant if, looking forward to it ex ante from a given date, one feels indifferent as to the sequence of the component elements of the stream. Such a statement has to do with time preference, it does not have relevance to the concept of an income flow that should enable “the level of total satisfaction... to be maintained constant throughout.”[37] What is looked for is a criterion that should enable one to say that someone is rendered as well-off by this year’s income as he was by last year’s. We have somehow to compare the actual satisfaction derived this year from this year’s income with that derived last year from last year’s.


  This raises what appear to be insuperable difficulties. Economic analysis is never couched in terms that involve the comparison of satisfactions between which an individual is not free to choose. An individual may be free to choose today between prospective income flows of different time shapes. He is never in a position to choose, in any but a prospective manner, between a satisfaction on one date and a second satisfaction at a different date. (It is this circumstance that creates the problems associated with welfare comparisons over time, during which relative tastes have undergone alteration.)[38] To compare the satisfaction derived this year from this year’s income, with that derived last year from last year’s income, is to attempt the same task as to compare A’s satisfaction from a steak dinner with B’s. Intertemporal utility comparisons, like interpersonal ones, can be made only on an absolute basis; this is outside the province of economic analysis.


  It follows that economic analysis can never be invoked in order to describe a particular flow of income over time as being a constant one. Such a description can be made only arbitrarily; we may describe income as constant in money terms of some other arbitrarily selected criterion, but we cannot do so in any absolute sense. All this does not, of course, render the capital-income dichotomy invalid. We may still continue to use the Hicks-Hayek “permanently-attainable-level-of-consumption” definition of income. We are merely forced to recognize that these concepts can be applied only arbitrarily by individuals choosing to do so. For such individuals the application of these concepts may provide criteria for accounting operations in which they may be intensely interested. The capital-income relationship provides such a criterion. Important as this relationship unquestionably is for most of us, it must not be elevated into a tool of economic analysis.[39] It represents an accounting convention, not merely because many people may not be interested in such a distinction at all, but because, in addition, a person can set up the capital-income dichotomy only by making arbitrary judgements of what constitutes for him an unchanged level of satisfaction over time.


  The implications of these observations for the Knightian view on capital should be fairly clear. From an accounting point of view there can, as we have seen, be no objection to making the distinction between capital and income. And from the point of view of the person concerned with maintaining what he (arbitrarily) judges to be a constant income flow, a very special significance does indeed come to be attached to his stock of capital. This stock is an entity which must be maintained intact if the desired constant income level is to be continuously assured. Given this stock of capital the individual is assured of this perpetual income flow; diminish the stock in any way and the individual can no longer look forward to such a flow. The individual may, then, quite justifiably look upon his stock of capital as somehow being the “source” of the prospective perpetual income flow.


  But, as we have seen, all this has meaning only from the viewpoint of the individual interested in setting up for himself the capital-income dichotomy. He may reasonably consider his capital stock as merely the source of a prospective perpetual income flow. He may do this by choosing to assume that the capital stock will in fact be appropriately utilized to this end, and by arbitrarily choosing a relevant concept of constant income for his purposes. But all this cannot be done, in a non-arbitrary way, by outsiders. The outsider can observe objectively the size and composition of an individual’s stock of capital. He may describe all the possible time shapes of output and consumption flows that may, under different circumstances, be secured by utilization of this stock of capital. But he is unable to single out one particular time shape of flow out of the other flows, and pronounce this flow to be a constant income flow of which the original capital stock is to be considered the source. He cannot do this, in the first place, because, as discussed in the previous section, he has no right to assume in advance that the whole series of decisions necessary to secure any one particular output and consumption flow, will in fact be made. The discussion in the present section has shown that he cannot do so for yet an additional reason. As an outsider he is unable to determine which of the possible output and consumption flows represents, in the arbitrary judgment of the individual concerned, a level of constant income. And, as we have seen, the constant income concept, and with it the capital as-a-source-of-perpetual-income-concept, are meaningless from any other than an arbitrary point of view.


  We must conclude, then, that the Knightian capital concept is wholly unhelpful. It represents an extension of the capital-income dichotomy from a realm of discourse in which the essential arbitrariness of the distinction does not matter, to a realm of discourse where it does matter. What was acceptable at the level of accounting, turns out to be wholly unacceptable at the level of economic analysis. And with the recognition of the arbitrariness of the capital-income dichotomy must come realization that a capital concept based on this dichotomy cannot be looked to as a tool in economic analysis.
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  CHAPTER THREE


  CAPITAL AND WAITING


  We turn to take up the aspect of capital that has proved perhaps most fascinating to economists and yet seems to have provided them with their greatest difficulties and with fuel for their fiercest controversies,—the relation between capital and waiting. In general economists associate the “Austrian” approach to capital and interest theory with a major emphasis on the time lapse between inputs and outputs—the theory revolving around concepts such as the length of the period of production, or of investment, the amount of waiting thus involved, and the “productivity” of the time concepts so distinguished. On the other hand the Clark-Knight view of the capital and interest problem vigorously disputes the stress on waiting, casting its own theory in terms that not only do not depend on an integration of the waiting concept into the theory of production, but which even challenge the economic meaningfulness of the concept altogether.


  The controversy has been alive now for over six decades, with now the one approach, now the other, seeming to hold the allegiance of the bulk of current theorists. In recent years both views have been reflected in the literature; in particular the “Austrian” approach has, as we shall see, been accorded a more respectful hearing than on many occasions in the past. Our task in the present chapter, will be to review the principal ideas to be found on the subject of waiting in this modern capital-and-interest literature. We will find much to criticize in this literature: while our greatest dissatisfaction must be with the Clark-Knight tradition, we find ourselves constrained to take sharp exception to many of the ideas used in recent attempts to rehabilitate the Böhm-Bawerkian approach. It will be our position that much of the confusion that has clouded the subject for so long can be avoided without difficulty by adhering resolutely to the planning approach—that is, by consistently seeking the explanation of all economic events by referring to the individual human plans to which these events can be traced back. What is valid in the “Austrian” approach, in particular, we will maintain, can be vastly improved by explicitly recasting Böhm-Bawerk’s seminal ideas within such a “planning”—rather than a technological—framework. It will prove helpful at this stage to preface our discussion with a brief review of our own position on the matter of capital and waiting as developed in the first chapter of this essay. It will be recalled that at the heart of this position there lay the idea of intertemporal exchanges; our view of capitalistic production sees it as a particular aspect of such an exchange across time.


  Capitalistic Production as Exchange Across Time


  Exchanges across time, it will be recalled, are viewed by the economic theorist as a special case of multi-period planning by forward-looking decision makers. The mutual coincidence of the multi-period plans made by two individuals may make it possible for each of them to gain by exchanging with the other across time: A giving up to B a quantity of a particular good at one date, and receiving in exchange a specified quantity of a particular good at another date. Even in a Crusoe economy however, it was noticed, it is convenient to view the plan to engage in a time-consuming process of production as a decision to engage in intertemporal exchange with nature, sacrificing inputs at one date in order to obtain output at a later date.[1]


  Viewing production, in this way, as an example of multi-period planning embracing an exchange across time, we were able to proceed to recognize that the process of production may be so patterned as to afford opportunities for periodic review and possible revision of the original plans. While the original plans envisaged, perhaps, the final completion of a particular time consuming project, they were laid with the awareness that later events might make it advisable to alter the later stages of the original plan. It became of interest, then, in seeking the explanation of economic events as they unfold through time, to be able to take notice of the states of affairs as they appear at various stages of an as yet uncompleted project. Capitalistic production is initiated by plans in which producers find themselves, at the outset, half-way towards their final goals, as a result of the already partly completed projects upon which they are now able to work. What part does “waiting” play in this picture of the process of production over time?


  We must at once distinguish between the prospective waiting (anticipated at the time when a time consuming process of production is being planned), on the one hand, and the actual waiting that occurs during the execution of the time consuming production process, on the other. In our analytical picture of the process of production only prospective waiting is taken notice of. Our approach, as always in micro-economic theory, is to trace back economic events to the decisions out of which they sprang. At the time when multi-period decisions are made, waiting is taken into account ex ante; the desirability of the output promised by any prospective production plan (as compared with the inputs whose sacrifice is required), is gauged, in part, by the length of time that must elapse before the output can be forthcoming. When a Crusoe initiates an entirely new project, starting without any partly completed production project to hand, he takes into account the prospective waiting that his plans calls for. When his project is already partly completed, and he is planning its later stages, then he is aware that the waiting time until his final goal is the shorter by virtue of his command over the capital goods produced during the already completed stages of the project. Where the later stages of the project are able to be carried out exactly as envisaged at the very outset of the entire project, then this means that the waiting that was originally undertaken in order to produce these capital goods, has fulfilled its ultimate purpose of making it possible to shorten correspondingly the waiting that now has to be undertaken during the later stages of the project as a whole. Where, in a market system based on division of labor, capital goods are purchased by the producers of consumer goods, the price paid for the capital goods will tend to reflect both of these aspects of waiting that are involved. On the one hand the price will tend to be high enough to cover whatever costs of waiting were undertaken by the capital good producer (i.e. the production of a capital good will be high enough to cover the anticipated costs of waiting required in its production). On the other hand the price will tend to be bid up to the level that reflects the productive usefulness of the capital good to the prospective producers of consumer goods, reflecting its ability to shorten the prospective waiting needed to be taken into account by these latter producers in making their decisions. The market process will in this way govern the volume and kind of capital goods produced and used in the economy.


  It ought to be noticed moreover, that within the strictly formal context appropriate to micro-economics conceived as the pure logic of choice, it is not really necessary or even helpful to invoke the term “waiting” at all. All that is needed is the recognition that a production plan calls for the sacrifice of inputs at one date in order to obtain output at a later date. The choice made by the prospective producer will depend on the relative positions occupied on his value scale, of the inputs and outputs each with its relevant time subscript. That is all.


  All this seems obvious enough and elementary enough. And yet we will discover that the dominant schools of capital theory have again and again displayed attitudes towards the role of “waiting” in relation to capital, that in one way or another ignore or deny the simple considerations here outlined. As we will see, this applies both to the current presentations of the Clark-Knight approach, and to recent attempts to present the “Austrian” approach in modern garb, (although our objections will of course have different applications to each of the approaches). We take up first that approach to capitalistic production which denies any role at all to “waiting” in the theory of production.


  Lags vs. Simultaneity in Capitalistic Production


  In the latter view of things, that of Professor Knight and his followers, no economic significance at all is to be attached to any lag between input and output. Whatever the time pattern that a process of production may follow from a technological point of view, for the economist the picture is one of an instantaneous emergence of product from each step taken in production: “taking production in the value sense, the result is instantaneous, whether in the form of a service (instantly consumed) or in that of a net addition to assets.”[2] First of all, it is pointed out, it is not necessary to see the result of a productive act only in the final product; “every activity has immediate results.”[3] Moreover, in the Knightian view production is appropriately defined as it was for J. B. Clark, only “in relation to economic equilibrium.” Production then “consists in using ‘productive agents’ of all kinds in a relationship of symmetrical cooperation, to provide an unvarying stream of consumable services or satisfactions as the ultimate product.” Within the context of this continuous equilibrium-flow of production, the “production of the services consumed in any period of time includes the maintenance of all productive agents and materials used in the economy, including in turn the replacement of any which are worn out or used up.” In other words production is defined in such a way that actions taken currently exclusively in order to ensure the continued flow during the future of the product service, are to be viewed as producing the flow of product service yielded during the current period. “Thus under equilibrium conditions production and consumption are simultaneous.”[4]


  From this “synchronization” perspective the entire Austrian concept of “the gestation period of capital assets” must indeed appear a monumental exercise in futility. As one follower of Knight has recently expressed it, not only is the whole concept itself “fundamentally unimportant;” it has been chewed over to the point of becoming “time-consuming in the classroom and a source of confusion to the young.”[5] So long as the “equilibrium” concept of production is adhered to, there is no need to take notice of the ages of the individual components of the capital stock; the “time-structure” of this stock is of no significance. Even in the case of the fifty-tree forest, in which ten five-year old trees are cut each year and ten seedlings planted, there is no economic importance to the age-structure of the forest, so long as equilibrium conditions prevail.[6] In the Clarkian reservoir example “each drop of water coming in at the intake permitted the simultaneous release of a drop at the outlet;” the “average age” of the reservoir being of no economic moment. To point out, as Dorfman has recently done, that “if water improves with age (it sometimes does...) then there is an advantage in having a large reservoir,” is, technologically, perfectly correct. But, so long as equilibrium conditions are maintained, the desired superior quality of water, is secured merely through the size of the reservoir, without explicit attention having to be paid to age as such. To go on to argue, as Dorfman has, that Knight is “irrelevant” in stating that in the “stationary” view want-satisfying services are consumed as they are rendered, because Knight ignores “the fact that detention per se can be valuable,”[7] is to fail to understand the economic aspect of equilibrium production as Knight wishes it to be understood.


  Professor Knight has perhaps best illustrated his view of the economic irrelevance of time lags in production, by his picture of Crusonia, an imaginary land where such lags are also technologically irrelevant. In Crusonia, as has been noted earlier in this essay, sustenance is provided by “the natural growth of some perennial which grows indefinitely at a constant (geometric) rate, except as new tissue is cut away for consumption.”[8] In such an economy, as Lerner has pointed out, “the period of production is completely arbitrary. The current growth may just as well be considered as due to the stock not being consumed five years as to its not being consumed a hundred years ago or to its not being consumed one second ago, so that the period of production concept is quite meaningless.”[9] As cited in the previous chapter, the Knightian view of the economic process is one in which the capital of the economy (its stock of productive agents) is permanent, and production consists in drawing forth the steady flow of service which these productive agents are capable of yielding indefinitely. No economic significance can, in this view of things, be attached to technological chains of causation operating over determinate time spans. To the Knightian economist production and consumption are simultaneous.


  A Criticism of the Synchronization View


  If the above outline of the Clark-Knight denial of significance to “waiting” in the theory of capitalistic production be accepted as a fair one, then it appears clearly vulnerable to serious objections from the point of view adopted in this essay. The cardinal objection must be that the “waiting,” the time-lag, that is denied significance by Professor Knight and his followers, is not at all the waiting that is of importance for a theory of capital. Even the acceptance of the relevance of a concept of production based on the stationary state—overcoming one’s sympathies for Hayek as he brands Knight’s use of this concept “an absurd abuse of words”[10]—does not in any way entail, (as the Knightians clearly believe it does entail), the extrusion of waiting from capital theory.


  As was pointed out earlier in this chapter, the time lag that a theory of capital must take into account is never anything but a prospective, ex ante, notion. The time lags that the synchronization school seeks to persuade us to ignore can only be ex post lags. So long as planning for the future does in fact take note of prospective waiting, then a theory of capital based on the decisions made by forward planning individuals can never avoid coming to grips with “waiting,” and with the prospective time lags that make it necessary to anticipate waiting for the output technologically dependent upon contemplated inputs.


  Now, there can be no doubt that, whatever Böhm-Bawerk and Wicksell may have meant, their expositions of what is usually considered the “productivity” side of their theory, fail completely to emphasize the ex ante character of waiting periods in production. It is with justification that critics who wished to build a theory of capital without the “period of production,” trained their offensive against the technological time lag involved in production, the actual time that in fact elapses, during a process of production, between the application of input and the emergence of the desired product. And it is not impossible to understand how an economist might come to consider the specific relationship between the productivity of inputs and the time-length of the production process to be unimportant for the formal, analytical notion of production. But, we must here insist, so long as our theory is to be based on the analysis of decision-making, and so long as we wish our theory to have reference to a world in which multi-period plans are made, we are precluded from doing violence to the time-aspect of these decisions. We may, for the purpose of an introductory analysis of the price system, indeed abstract from the multi-period aspects of the market, treating all decisions in the system as having to do with a single instant. But if we wish to understand the course of economic events over time, including those events that are the outcome of multi-period plans, we must be prepared to deal with these plans in the way in which they are constructed. Our analytical apparatus must be able to handle decisions in which it is contemplated to sacrifice inputs today in order to obtain output tomorrow; and our explanation of states of affairs and of chains of events in the real world, must be able to trace them back to such multi-period plans.[11]


  It follows that the arguments employed by the Knightian capital theorist against the concept of the Austrian period of production, cannot possibly carry weight in connection with the waiting concept here held to be of such importance.[12] Even in an equilibrium context, with agents of production ceaselessly yielding a smooth steady flow of net output service, we are not exempt from examining the decisions being continually made to prolong in this way the currently prevailing course of events. The allocation of a portion of current gross productive capacity for the maintenance and replacement of the productive agents is the expression of a decision that this allocation be made. While it may be analytically convenient for some of the purposes which the Knightians have in mind to treat the fabrication of such replacements as part of the productive activity yielding the output service forthcoming in the current period, such a convention cannot be adopted insofar as concerns the decision to allocate current productive capacity for replacement purposes.


  It is of service to notice that even in Knight’s Crusonia model, which exemplified most powerfully his idea of the arbitrariness of the period of production concept, we may nonetheless still distinguish the anticipated waiting periods here held to be the only ones worthy of economic interest. We saw that in the Crusonia perennial “the current growth may just as well be considered as due to the stock not being consumed five years ago as to its not being consumed a hundred years ago....” But, clearly, this is true only with regard to the elapsed waiting to which one seeks to ascribe a specific portion of current growth. In no respect does the Crusonia model exhibit arbitrariness insofar as concerns the anticipated waiting that, at each date of decision-making in the past, was necessarily taken into account. At each date in the past, five years ago, a hundred years ago, or a second ago, a decision was made as to how much of the existing stock of the perennial should be consumed, and how much of it should be left to grow. Each such decision was a multi-period one, in which the sacrifice of current enjoyment was weighed against the future enjoyment promised by the conservation and growth of the plant. So long as we do not consider the prospective dates at which enjoyment is anticipated as matters of indifference to the decision maker, we are forced to recognize that, at each past decision making date, he took into consideration the anticipated waiting associated with each bit of dated future plant-enjoyment, that he was able to contemplate as part of one of the alternative future consumption streams with respect to which he was about to choose the first steps.


  The Period of Production Concept in the Contemporary Literature


  Having reviewed critically the school of thought whose aim is to eliminate the “waiting” concept from the theory of capital, we turn to examine the recent literature in which the “Austrian” approach has, after some refurbishment, been accepted into analytical respectability. In this literature the contributions of Professor Dorfman have commanded the principal interest:[13] one writer has credited Dorf man with “rescuing the concept of the period of production from obscurity and breathing life into it.”[14] Much of our discussion will revolve around Dorfman’s attempt to provide a modern exposition of the Böhm-Bawerkian theory and a defense of it against the objections raised by Clark, Knight and their followers. As was indicated at the beginning of this chapter, we will discover that our own criticisms of the Dorfman-Austrian approach are at bottom similar to those raised in the preceding section against that of Clark and Knight, viz. that grossly insufficient attention is paid to the plans, by which capital is accumulated and utilized. Once again, we will find, much of our discussion will have to do with the question of how to view “waiting”—as elapsed waiting or as anticipated waiting.


  The aspect of the neo-Austrian position as exemplified by Dorfman,[15] to which we wish to draw critical attention, can perhaps be brought into sharpest focus by referring to what Dorfman calls the “bathtub theorem.” This states that, in a tank in which a constant volume of water is maintained, (while water flows into and out of the tank), the average period of detention of water equals the given volume of water divided by the rate of flow. If K is the volume of water in the tank, I the rate of flow into (or out of) the tank, and T the average period of detention of water then T = K/I. The bathtub theorem is applied directly to the case of capitalistic production in a stationary economy. The analogue of the given volume of water is now the stock of capital; corresponding to the rate of flow we have now the level of investment (which in a stationary economy equals the rate of capital consumption); T is the average period of investment.[16] A major purpose of Dorfman’s work is to apply the bathtub theorem to a two-sector economy (one in which labor and “machines” are used in one process of production to produce a consumer good, and in a different production process to produce “machines”) and to demonstrate the meaningfulness of T in this context. By this demonstration Dorfman is able to refute a major objection to the Böhm-Bawerkian theory that has been raised by Knight and others. This objection rests on the claim that since the existing capital goods were produced with the help of earlier capital goods (which in turn were produced with the help of still earlier capital goods, and so on), the period of production cannot be defined. Dorfman refutes this objection by actually calculating T for a simple two-sector economy.


  In addition Dorfman is able to develop, through use of the bathtub theorem, the Böhm-Bawerkian relationships between the stock of capital, the real wage, the size of the labor force and the average period of production, in a stationary (one sector) economy. Given the first three of these quantities, the average period of production is given by the equation T = K/Nw where N is the size of the labor force, w the real wage, and K is measured in terms of the final product it will ultimately become. (Nw is thus equal to the rate of consumption flow, it being assumed that only workers engage in consumption, doing so without any saving).[17]


  It is in the interpretation of this average period of production T, that Dorfman’s emphasis on the bathtub-like character of capital in a stationary economy finds its clearest expression. Alluding to Böhm-Bawerk’s interpretation[18] of this period as measuring the length of time for which society can be supported out of its “subsistence fund” (the capital stock) while waiting for the output that will result from currently invested inputs, Dorfman describes this as an “inessential” way of looking at the matter. The bathtub-view of things enables us, Dorfman points out, to see T as simply measuring the average length of time for which units of inputs are locked up in the form of unfinished products. Böhm-Bawerk saw the period of production as measuring the delay that the given stock of capital permits to be suffered between the present and the time when the results of current inputs will be available (given N and w). For Dorfman this is an incidental implication of the system. The essence of the matter for Dorfman is that in order for stationary conditions to be fulfilled, the size of the available capital stock determines the detention time of invested inputs (given N and w).


  Now, it is by no means our wish to claim that Böhm-Bawerk’s understanding of the period of production was primarily an ex ante conception. This, regrettably, is not the case.[19] But it is clear that Böhm-Bawerk’s view of capital as possessing, as one of its attributes, the character of a subsistence fund (permitting the economy to bridge the time gap between the present and the date when currently invested inputs will finally yield consumption goods), does involve a forward looking perspective. What the assumption of stationary conditions enables Böhm-Bawerk to do is to show how one particular unchanging attitude with respect to the future (on the part of consumers and capitalists), is able, in equilibrium, to result in the continuous maintenance of the economy’s stock of capital, together with its (ex post) period of production. For Dorfman this forward-looking perspective on the capitalistic process of production is carefully suppressed. The same seems to hold true of Boulding’s “bathtub” presentation of the Austrian concept of the period or production, in which capital is represented as viewed as a “population of ‘value’.” “Whenever value is added to [goods] a new value is ‘born,’ and whenever value is subtracted from them by consumption a value item ‘dies.’” It is shown that in equilibrium the average “life” of these “embodied values” is given, as it is for biological populations in general, by the ratio of the size of the “population” to the rate of “births.”[20]


  Our objection may be phrased in a different way. Böhm-Bawerk’s own understanding of capital as a subsistence fund enables his system to incorporate, at least implicitly, the time preferences of the individuals in the model. For Dorfman time preferences play no role whatsoever.[21] For Böhm-Bawerk the subsistence fund notion helps us to recognize that the average period of production—the delay which the system can afford between the date of input and the date of output—depends on how urgently consumption goods are needed for the near future. If w rises, so that T (as given by the formula T = K/Nw) falls, this, for Böhm-Bawerk, is a result of the fact that on average, the consumption needs of the community for the near future have become more urgent. (This is the case because we are assuming, in the Dorfman-Böhm-Bawerk model, that all consumption is out of wages, and that all wages are consumed.) As a result of the increased relative urgency of the need for consumption for the near future (as against the far future), the given subsistence fund now suffices for only a shorter period of delay. For Dorfman, if w rises then T falls simply because the average period of detention of water in a tank of given volume falls when the rate of inflow (and outflow) increases. If the flow of consumption goods provided by the capital stock is drawn down at a greater rate, then, if the size of the stock is being maintained, the average time for which inputs are tied up in the stock must be shorter, the superior productivity technologically possible through longer periods of production cannot be exploited; that is all.


  There can be no doubt that the extrusion of time preference considerations from Dorfman’s model (and from the similar models of other recent expositors of the Austrian theory) is a concomitant of the refusal to view the period of production as anything but a segment of elapsed clock-time. Time preference enters into economic analysis only when multi-period decisions are being examined. When constructing a multi-period plan the individual is comparing now the desirability of consuming in the near future with the desirability of consuming in the far future. For the period of production concept to be integrated into a system of multi-period decisions, it must be envisaged ex ante.


  For a theory of interest based, on the other hand, exclusively on productivity considerations—and Dorfman recognizes his aim as such[22]—ex ante aspects can be dispensed with without strain. Interest emerges in each period simply as the surplus flow of product remaining after wages have been paid; it emerges because the stock of capital has permitted a production period long enough to increase the productivity of current flow inputs so as to yield such a surplus (after paying the flow inputs a return based on their marginal product). No attention at all needs to be paid to the fact that interest payments emerged from the intertemporal exchanges made in the past, as a result of the mutual coincidence of the multi-period plans made at that time by the market participants. All that is necessary is the technological relationship existing between the length of the production period and the productivity of flow inputs. This technological relationship in no way requires an ex ante view of the period of production. If water improves with aging, then the degree of improvement depends on the elapsed detention time of water in the reservoir. The size of the reservoir is important because, with given rate of inflow and outflow, the reservoir size determines the detention period. In this way the improvement in the water yields a return to the owner of the capital stock (reservoir). All else, Dorfman declares, is inessential.


  From the point of view of the position taken up in this essay, it ought to be pointed out that the recognition of a technological relationship between the length of the production process, and the productivity of flow inputs is, of course, fully taken into account in an ex ante approach. In constructing his multi-period plan an individual takes very carefully into consideration the technological terms of exchange upon which he is choosing between immediate consumption and deferred consumption. The bathtub model of the stationary state can easily be recast into an analysis based on multi-period decision-making. But in such an analysis it will be impossible to ignore the relative positions taken up, on the value scale of an individual at a particular date, by the prospective consumption of given commodities at different specified future dates. It will be impossible to conceive of the flow of interest payments being mechanically yielded as a result of the superior productivity conferred by possession of a stock of capital.


  It is worthwhile to observe that it is only the ex post conception of the production period that makes it necessary for Dorfman to defend the concept against the Knightian charge, that, in a world in which capital goods have always been produced through the employment of other capital goods, the period of production cannot be defined. We have seen, of course, that Knight’s own understanding of the Austrian period of production was (with complete justification) indeed an ex post version. So that Dorfman’s refutation of the Knightian objection (by, as described earlier in this chapter, actually calculating the production period for a two sector economy in which machines are used to produce machines) by no means constitutes a case of tilting against windmills. And yet, the task of calculating such a period, as Dorfman had done, or even of demonstrating its meaning, can be avoided by simply denying the relevance of such a period to the theory of capital. As soon as one recognizes that periods of production are of importance only insofar as they are taken into account in the forward looking multi-period plans of acting individuals, the entire Knightian objection falls away.[23] If the operator of a Roman iron mine did not introduce into his planning any of the implications of the fact that some of the ore may find its way into the pocket knife of a twentieth-century school boy,[24] then no production period extending from Roman times to those of the schoolboy is relevant for the theory of capital, either as applied to Roman industry or to that of the twentieth century. The only periods of production that have relevance to the emergence of interest payments and to the organization of capitalistic production, are the periods which prospective decision makers are able and forced to take into account either directly or indirectly; any periods which cannot be defined are not so taken into account and do not affect decision making. Such periods of production can, then, hardly be of interest for capital theory.


  Capital and Waiting


  Our emphasis on the analysis of the multi-period decisions to which capitalistic production can be traced back, can be further exploited to clarify the role of “waiting” in relation to capital goods, and to throw light on the debate concerning the expediency of considering “waiting” to be a factor of production in the capitalistic process of production. Both questions have given rise to considerable confusion.


  In the previous section it was pointed out that the time lag separating the date of input application from the date of the emergency of the corresponding output has been variously treated in the theory of capitalistic production. The case was presented in favor of a treatment that would introduce the time lag into analysis exclusively on an ex ante basis. In the present section we examine the relationship between “waiting”, and capital as such; we are directly concerned here not with the period of production as an aspect of the production process, but with the ways in which capital goods have been considered as themselves “representing” waiting periods variously conceived. The various views that we will notice are all in some way derived from the Böhm-Bawerkian emphasis on the role of time in the theory of production.


  (a) Capital as “congealed waiting”: Böhm-Bawerk’s stress on the fact that the only “original” factors are land and labor, and that capital goods are the intermediate goods produced by the original factors in the course of time consuming, roundabout, processes of production, has led to the view that capital goods are “stored-up” labor, land and waiting. Capital goods “embody” the past investment of original factors as well as the “waiting” performed in order to obtain these capital goods.[25] In this view of things the productivity of capital goods in the later stages of the production process is to be traced back to the labor, the land and the waiting which these goods represent. This view of capital as a stock of past waiting is (as we will see in a subsequent section of this chapter) closely related to the attempt to treat “waiting” as an original factor of production, and also (as we will see in the following chapter) to the attempt to measure capital by the amount of waiting which is represents.


  The fundamental objection against using terms such as “congealed waiting” and the like is that this cast of language conduces to a “cost-of-production” way of thinking about capital goods. The truth is that, as Hayek has reminded us, bygones are bygones in the theory of capital no less than elsewhere in economics.[26] A theory of production which commences with a given stock of capital goods need pay no attention whatsoever to the genesis of these goods.[27] This objection applies, of course, no less to descriptions of capital as “stored up labor and land” (which Böhm-Bawerk himself endorsed[28]) than to the descriptions which see capital as also stored-up “waiting” (which, as we will see in the following section Böhm-Bawerk rejected because he did not recognize “waiting” as a factor of production).


  On the other hand, the very attempt—central to Böhm-Bawerkian thought—to trace back capital to the “original” factors which were invested in the past to produce it, gives a certain value to the “stored-up-factors” description of capital. The position which the Austrians were primarily concerned to demote, was that which sees capital and capitalistic production in a purely “timeless” context; in this “timeless” view nothing that is of importance for the theory of capital and interest needs to be related to time-lags in production. To emphasize the opposite view, which sees the time-dimension of the production process as the cardinal element in the theory of capital and interest, it is of value to be able to stress the fact that capital goods are themselves the results of processes of production begun in the past. This is the rationale of the “stored-up-factors” description.


  From the point of view adopted in this essay, the issues seem extremely simple. Looking forward to capital goods that have not yet been produced, the multi-period planner knows what current inputs must be applied, and the length of time for which the capital goods must be waited. Again, looking still further ahead in time, the planner sees the final consumer products able to be produced with the help of the prospective capital goods. If he wishes he may, looking forward in this way, view the prospective capital goods as the concrete vehicles by means of which his current inputs can be “stored-up” in order to yield their final product, consumer goods, far in the future. But clearly there seems little analytical convenience in looking at things in this way, from the point of view of the date at which the decision is made to construct the capital goods. When the capital goods have already been constructed, and the economic historian wishes to explain analytically how these particular capital goods came to be produced, he must of course do so by referring to the past inputs of “original” factors which the decision maker long ago decided to invest. From the point of view of the decision maker himself, with the capital goods at his disposal, the past is of no consequence whatsoever. In his capacity of decision maker the presently available capital goods are no different, in this respect, than any other factors of production over which he has command. Because to the decision maker bygones ought to be bygones, the analysis of the decisions made at this point, need likewise pay no attention to the history of the capital goods. To refer to them as stored-up land and labor or waiting adds nothing to the explanation of subsequent events. (Of course, once the capital goods have been used to produce final output, then the economic historian who wishes to explain analytically the course of past events, must do so by referring to the original decisions which gave rise to the particular capital goods produced, the availability of which determines, in part, the decisions taken during the final stages of production.)


  In an explicitly ex ante approach such as this, there seems little to be gained from the use of “stored-up-factors” descriptions of capital goods. Where such descriptions are used, the appropriateness of including “waiting” as one of the factor services “congealed” in the capital goods, depends entirely on one’s view of whether to treat “waiting” as a factor of production in the capitalistic production process. This will be taken up later in this chapter.


  (b) Capital as a Store of Potential Waiting: We have already seen that Böhm-Bawerk described capital as a “subsistence fund” that enables society to bridge the gap in time that separates the date of input from the date of output. In this sense the length of the production process that society can afford is determined by the size of this subsistence fund. Capital enables society to wait the time required to take advantage of the superior productivity of the more roundabout methods of production. Capital has come, in this way, to be viewed as constituting a fund of “waiting.”


  Professor Hayek has extensively discussed the errors to which this kind of view can lead.[29] This view sees a given capital stock as making possible a definite waiting period. This notion could be acceptable only if the capital stock consisted of a stock of consumers’ goods (or at least consisted of “inchoate” consumers’ goods in the sense that the capital stock is able to make possible only one particular future pattern of consumers’ goods) and if the given pattern of consumption can be assumed. Only in such an oversimplified world can one talk of a capital stock as a definite store of potential waiting. In less unrealistic worlds a “given stock of capital goods does not represent one single stream of potential output of definite size and time shape; it represents a great number of alternatively possible streams of different time shapes and magnitudes.”[30] The consequence of the “fund of waiting” way of looking at capital has been to tend to avert attention from the concrete items composing a particular stock of capital, and to treat the stock as if it were homogeneous. And from the notion of capital as a homogeneous fund, it is not far to the idea that this abstract fund somehow has an existence apart from the concrete items of which the stock is composed, an existence which is “permanent” in the sense that the fund “is maintained intact though the things in which it is invested may go and come to any extent.”[31]


  It may be added that emphasis on the ability of the capital stock to permit a period of waiting in the above sense, makes it more difficult to accept any distinction that might be made between capital resources and non-capital resources. It would seem that the larger the command possessed over resources of all kinds, the longer would be the processes of production upon which one could enter (because of one’s ability to allocate a sufficient portion of one’s resources as a whole, towards the satisfaction of one’s wants for the nearer future).


  Despite these criticisms of the view which sees capital as a store of potential waiting, we ought not refuse to recognize the valuable insights that this view undoubtedly does incorporate.[32] The lengths of the production process upon which one will choose to embark at any time certainly are governed by one’s command over the resources capable of yielding products in the relatively near future. And to the extent that one’s provision for the future inclines one to invest now in order to be able, in future years, to engage in those longer, more productive, production processes which one cannot now afford one is in fact accumulating the resources that will in those future years enable one to “wait” for lengths of time longer than one can now afford to do. These resources will certainly be capital resources. From the point of view of economic history too, there is unquestioned merit in the recognition that one’s present ability to undertake lengthy processes of production is to be ascribed to the stock of capital goods built-up during earlier years. While the “store of waiting” concept of capital turns out to be of little service for the theory of the capitalistic process of production; it does represent an application of that theory that is of considerable practical significance.


  (c) Capital as a means of shortening the waiting period: Yet another relationship has been emphasized in the literature as existing between capital and “waiting.” In this view capital goods are seen as instruments whose function it is to shorten the waiting time necessary before the emergence of the final consumption goods.[33] The possession of capital makes one nearer in time to the final attainment of one’s goal than one would be without it. Böhm-Bawerk himself did not emphasize this aspect of capitalistic production. (In fact, Böhm-Bawerk actually found it necessary, in discussing the notion of capitalistic production as a more time-consuming way to produce, to defend it against the objection that a tailor can produce a coat in a shorter time with the help of a sewing machine than without it).[34]


  The emphasis on the shortening of the waiting period made possible by capital goods, arises out of a wish to avoid a misunderstanding for which the Böhm-Bawerkian terminology must bear some responsibility. The notion of “roundabout” processes of production has sometimes helped writers to overlook the fact that, wherever undertaken, such processes represent the shortest possible route to the finally desired goal. Especially when taken in conjunction with the above discussed views of capital as congealed waiting and as a fund of waiting, the “roundabout” aspect of capitalistic production has been interpreted as implying that the possession of capital requires one to wait for the output to emerge.[35] It is the wish to stress the calculated purposefulness and the temporal efficiency of capitalistic production that has given rise to the above description of capital goods as instruments to shorten the time for which the final goal must be waited.


  Of course a statement that the possession of capital makes one nearer in time to one’s goal is open to the objection that this is merely a way of saying that the use of capital goods is able to increase output. Surely, it will be asked, the control over resource services of any kind similarly able to increase output can be described as placing the producer within closer reach of his final goal? From the point of view adopted in this essay some light can perhaps be thrown on the matter.


  We have seen that capital goods represent the as yet only partly completed projects initiated in the past by multi-period decision makers. The time lag originally incorporated in the multi-period plan was the shortest waiting period necessary to achieve the planned final output and all things considered represented the most desirable production plan available. If this project is able to be carried forward to full completion as planned, then, of course, the fact that the waiting time during the closing stages of the project is shorter than the time lag originally incorporated in the entire multi-period plan, is merely the result of the fact that the earlier time-consuming stages of the plan have already been completed. It is this aspect of the matter that is noticed when capital goods—the result of the earlier stages—are described as “shortening the period of waiting.” Without these goods the multi-period project would have to be commenced from the very beginning. Of course, when one considers the final stages of the plan in isolation, this aspect of the matter loses significance. Bygones are bygones; with given capital goods at hand one is, it is true, nearer to the final goal, but the same holds with respect to command over all kinds of productive services. But we have already noticed several times that the significance of capital goods qua capital goods emerges only when the entire multi-period production project is considered as an integrated plan. And from this viewpoint it is indeed useful to recognize that the intermediate tools or other goods that such a plan calls for, will represent the completed earlier stages of a longer plan. The possession of an acre of farmland renders the owner nearer in time, no doubt, to a bushel of wheat. But insofar as no multi-period plan was involved in making this resource available, there is no particular analytical insight to such a description of the farmland. But the possession of a tractor makes the farmer nearer to the wheat in the sense that earlier periods of waiting were undertaken in order to place the farmer in this favored position. Where other views saw the tractor as a store of past waiting, the view here under discussion sees the tractor (because of the past waiting that was deliberately undertaken), as the means whereby the farmer is spared further waiting.


  Is “Waiting” a Factor of Production?


  Our discussion of the various ways in which capital goods have been conceived of as related to “waiting,” makes it of interest to take up at this point the question of whether to consider “waiting” as a factor of production. Of course, for a theory of production in which no significance at all is ascribed to time lags between the date of inputs and the date of output, there can be no question of ascribing productivity to time as such,[36] or to waiting. The debate concerning waiting as an independent, “original” factor of production has had relevance only in the context of the Böhm-Bawerkian-type theory of capitalistic production.


  Böhm-Bawerk himself vigorously denied the possibility of distinguishing any independent third factor of production to stand side by side with labor and nature. Capital itself is not such a factor, it is merely the intermediate product of nature and labor.[37] All production achieved with the help of capital must be ascribed to the nature and labor which, some time in the past, cooperated in the production of capital. No portion of the value of the final product can be imputed back to any other original factor. This was the basis for the Böhm-Bawerkian rejection of theories of interest based on the productivity of capital itself.


  On the other hand it was one of the cardinal features of the Böhm-Bawerkian view of capitalistic production, that capital cannot come into existence without prior saving, or abstinence from consumption. “Production and saving constitute equally indispensable conditions of the formation of capital.”[38] The question then arises whether saving, or “abstinence,” or “waiting” should not be recognized as an independent factor, coordinate with labor and nature, responsible for the productivity later to be displayed by the capital goods thus accumulated. Followers of Böhm-Bawerk who emphasized that aspect of his system which depended on the productivity of time-consuming methods of production (as compared with the time-preference aspect), have indeed tended to treat time, or waiting, in this way as a factor of production, measuring the marginal product of waiting and viewing interest as the return to those responsible for the waiting represented by the capital employed.[39]


  But Böhm-Bawerk himself refused to treat waiting as a third independent factor. The function of saving, Böhm-Bawerk insists, “is not in the nature of performing part of the work which is peculiarly its own province. Instead, its function is to see to it that the productive forces nature and labor, which, in any event, must perform the entire work of production themselves, shall not direct their efforts toward any goal but production, that is to say, shall produce capital goods and not consumption goods.”[40]


  More recent writers have remarked on the “philosophical” aspects of the debate. Haavelmo refers to the alternatives of regarding time itself as an active productive agent or only as a medium permitting the flows of inputs to cumulate into the product.[41] (On the other hand Haavelmo has elsewhere objected without reservation to treating “waiting” itself as productive. “Certainly it is not the delay in output which itself is ‘productive’, but the fact that the more time we spend, the more capital we can construct.”[42]) Fraser has discussed at length the appropriateness of treating passive conditions of productive processes (among which he includes “waiting”) as factors of production side by side with those resources which are more “intimately bound up with the actual technical processes whereby goods are made.”[43] Hayek has remarked that time cannot be treated as a factor of production “since no definite ‘quantity’ of time is given in a way which would enable us to distribute this ‘fund’ of time in alternative ways between the different lines of production so that the total of time used will always be the same.”[44]


  Among recent writers it is Professor Dorf man who (taking up a posture of originality that does not appear to be entirely justified) has been most emphatic in treating waiting as an independent, original factor of production. He makes this way of handling the matter—which, as we have seen, Böhm-Bawerk himself rejected—the cornerstone of his rehabilitation of Böhm-Bawerkian capital theory.[45] Clearly we have an unusual kind of divergence of opinion on this question. Some clarification of the issues involved can, we believe, be obtained with the help of the point of view upon capitalistic production that has been developed in this essay. Part of the confusion has to do with the two views concerning the production function (and hence the significance of productive factors) that were discussed in the previous chapter.


  It will be recalled that the one view treats the production function in a purely “positive” manner; it is seen as representing simply a set of technological relationships. It answers the question: what combinations of ingredients are able to bring into existence the various quantities of the product? The second (“economic”) view of the production function, on the other hand, looked upon it as presenting the alternative opportunities afforded by technology from among which the human producer can choose. While for most purposes little substantive difference arises as a result of these two different views, we have already noticed in the previous chapter how these views do importantly affect the treatment of capital. We now have before us yet another instance where the two views on the interpretation of the production function do make a difference. Once again we will discover that it is the second of these two views which proves most helpful, and most appropriate for economic analysis.


  For, so long as the production function is seen merely as a statement of technological relationships it is difficult for anyone conscious of the time-dimension of production processes to avoid looking upon time, or waiting, as a productive factor, i.e. as one of the ingredients necessary before the final output is available. Whether as an “active” or a “passive” ingredient, the lapse of time, or waiting, must precede the emergence of the product of a capitalistic process begun with only labor and nature. Labor and nature alone cannot yield output; labor plus nature plus waiting time yield output.


  But, when the production function is looked upon from the economic point of view, that is, when the inputs and outputs are viewed as components of alternative production plans, the matter looks quite different. Now the production function comprises alternative multi-period production plans, each viewed from a point in time before it has been adopted. Contemplating prospectively one such multi-period plan, the decision maker finds, say, that the investment of a certain quantity of land and labor now, will yield a definite quantity of grain at a specified future date. Contemplating a second plan, he finds that the investment now of similar quantities of land and labor, in a different process of production, will yield a smaller quantity of grain (at a date so near as to appear for all practical purposes) in the immediate future. It is now clearly possible to maintain that the greater quantity of grain promised by the first plan does not call for any resources above those required by the second plan. The first plan merely requires that the decision maker decide to adopt the first production process rather than the second, this decision being taken with the awareness that the output is to be available only at the specified future date; once the futurity of the grain has been taken into account as qualifying the utility promised by the investment, no further input “sacrifice” in the form of waiting need be taken into consideration in the production plan. It is as if a boy were to stand with a dime before two vending machines, one of which yields its contents several seconds earlier than the second. For each machine a dime is all that is required. Looking prospectively at both alternatives the boy is merely aware that the contents of the second machine seem further away in time than do those of the first.


  Looked at ex post, or from a purely technological point of view, such would not seem to be the case. In the technological sense grain is grain. Even if time subscripts be carefully appended, by itself this does not indicate the relative desirabilities of grain at various dates. For a complete technological description of the time consuming process it is therefore necessary to say that the investment of land and labor at one date, plus the lapse of a specified time interval, yields grain at a future date. It is only in the context of the plan, contemplated ex ante by the decision maker, that it is superfluous to say that, in addition to the investment of the labor and land* he must also invest waiting in order to obtain grain at the future date. But in the planning context such a statement would indeed be superfluous; once the planner is aware of the date of the future output, once he takes into account the relative position on his present scale of values of grain-in-the-specified-future, he merely has to recognize that in order to obtain this grain (rather than the smaller quantity of immediate grain) he must invest the labor and land in process one (rather than process two). No further sacrifices need be taken into account. In this sense Böhm-Bawerk was on very firm ground indeed when he pointed out that the decision to save is not a decision to apply additional input of some kind to the production process, but merely a decision to guide the process towards future goals rather than immediate goals.[46]


  It turns out then, not entirely to one’s surprise, that (a) when the time-consuming process of production is viewed prospectively, it is perfectly feasible to ignore “waiting” altogether when discussing inputs, and to take notice of all the implications of “waiting” that need to be considered, by having due regard to the effect of time preference upon the present desirability of the prospective future outputs; and that (b) when the time-consuming process of production is viewed “positively,” on the other hand, there is every justification to notice “waiting” as one of the inputs, and to proceed to discuss the superior productivity of the more time-consuming processes of production selected, as attributable to the productivity of time. Given the strictly ex ante point of view adopted in this essay, it should be clear that it is the former of these alternatives that is to be endorsed. Böhm-Bawerk’s refusal to recognize waiting as an input—a matter that has frequently occasioned mild surprise—follows consistently from his fundamental insight that interest is a phenomenon that emerges from intertemporal exchange, in which the time preferences of the exchanging individuals are of the essence. It is only in that line of thought (exemplified, say, by Wicksell and by Dorfman) in which Böhm-Bawerkian doctrine has been developed almost exclusively along productivity lines, with almost no attention to time preferences at all,[47] in which the ex ante concept of waiting periods is unnecessary, and in which, as a consequence, waiting came to appear naturally as a productive factor with its own marginal productivity and earning its own productivity return.


  One further observation on the question of the productivity of waiting is in order. The Böhm-Bawerkian thesis that more roundabout methods of production are more productive was the cause of a great amount of confusion in the subsequent literature. So long as the “productivity” side of the Austrian theory is treated as in a vacuum, it is indeed not an easy matter to establish the universal validity of the thesis. But as soon as Böhm-Bawerk’s own rejection of waiting as a factor of production is recalled, and when it is borne in mind that the basis for this rejection exists in the appropriateness of the “plan” approach to multi-period decision-making in production, the matter becomes much clearer. It is by no means necessary to postulate that more waiting means more product (as must at least be postulated by the purely “productivity” versions of the Austrian theory, in which waiting is a factor of production). All that is needed is the recognition that “unless waiting is assumed to be pleasant” the only situations which are economically interesting are those marginal ones in which “the utility of extra products has to be balanced against the disutility of extra waiting.”[48] At the “margin of roundaboutness” the decision maker is always careful to make sure that his multi-period plan does not call for sacrifices of satisfactions in the near future which, in his estimation are not warranted by the yield promised for the more distant future. With more and more resources at his disposal, so that the former sacrifices no longer have to be made, he will be able to exploit the desirable, high-productivity processes which had earlier to be rejected only because of the length of waiting time involved. That such processes can nearly always be assumed to exist has been explained by Hayek.[49]


  


  [1] For a discussion of the insight that Crusoe’s activities consist of acts of “exchange”, see Mises (1953) pp. 38–39.


  [2] Knight (1936) p. 456.


  [3] Rolph (1939) p. 280.


  [4] Knight (1946) p. 387; cf. also Stigler (1941) pp. 313–314.


  [5] Dewey (1963) p. 134n; see also Dewey (1965) p. 80 and pp. 201ff.


  [6] Cf. Lerner (1953) p. 544.


  [7] Dorfman (1959b) pp. 354–355. See also Schumpeter (1954) p. 907.


  [8] Knight (1944) p. 30; see also Dewey (1963) and Dewey (1965) pp. 80ff.


  [9] Lerner (1953) pp. 543–544.


  [10] Hayek (1936) p. 370, n.25.


  [11] It is somewhat surprising that in the literature defending the “Austrian” view from the attacks of Professor Knight, the distinction between “ex ante waiting” and “elapsed waiting,” made here in the text, was not used with much greater emphasis and with much greater effect. Hayek (1936, p. 364) clearly spells out the distinction; see also Saulnier (1938, p. 273) and Hayek (1941) p. 90. The most vigorous insistence on the ex ante character of waiting is to be found in Mises (1949) pp. 477ff; see also Rothbard (1962) p. 45, Blaug (1962) p. 466. One possibility of defending the “Austrian” view from the criticisms of Professor Knight, that is somewhat parallel to that developed here in the text, has been noticed in the literature. This has to do with Knight’s insistence that, no matter how far back one goes into history, one never discovers processes of production in which only pure “original” factors of production are used, so that the distinction between “original” and “produced” factors cannot be made. It has been pointed out that “the services of the resources accruing at the present moment might be regarded as ‘original factors’ as against the services of resources accruing at any subsequent moment.” (Kaldor, 1937, p. 158); see especially Schumpeter (1954) p. 908, see also Conard (1959) pp. 21, 112–113.


  [12] The remarks in the text do not deal with one major difficulty associated with the waiting concept, which critics of the “Austrian” approach have emphasized. This has to do with the difficulty of identifying the date of the output that corresponds to a given input, resulting from the “jointness” present in typical processes of production. This difficulty exists for the ex ante notion of waiting as it does for the ex post concept. See Kaldor (1937) p. 159n.; Hayek (1941) pp. 67, 205f.


  [13] Dorfman (1959a; 1959b). See also Blaug (1962) pp. 459–478; Uhr (1960) Chapter 5. For further signs of the renewed fashionability of Austrian-type capital theory concepts, see Lutz (1961) and Lindahl (1961).


  [14] Neuberger (1960) p. 150.


  [15] Besides the contribution by Dorfman (1959a) cited above, presentations of the Austrian position on somewhat similar lines are to be found in Stigler (1941) pp. 278–285, Brems (1959) Chapter 18.


  [16] For earlier similar treatments of capital in terms of bathtubs or like analogies see e.g. Lerner (1944) p. 325, Boulding (1950) p. 193.


  [17] Cf. Böhm-Bawerk (1921) p. 365; see also e.g. Dorfman (1959b) p. 354. On the assumption that labor is expended on each unit of output at an even rate throughout the period, the period of production T is one half the absolute length of a production process in which a unit of final output emerges.


  [18] Böhm-Bawerk (1921) pp. 312ff.


  [19] See below in this chapter for a critique of the subsistence fund idea.


  [20] Boulding (1950) p. 193.


  [21] See Neuberger (1960) for a criticism of Dorfman’s excessive emphasis on productivity as an explanation of interest, to the complete exclusion of time-preference. Dorfman’s refusal to consider the effects of alternative patterns of time preference vitiates also his attempt to prove that present goods are more valuable than future goods of like kind and number. The refutation of Dorfman’s proof, (like that of Böhm-Bawerk’s “Third Ground”) was provided long ago by Fisher. For a recent careful exposition of the relevant fallacy in the Böhm-Bawerk-Dorfman proof, see Conard (1959) p. 43. See however Kuenne (1962a, 1962b).


  [22] Dorfman (1959b) p. 360.


  [23] See further above in this chapter footnote 11.


  [24] Cf. Böhm-Bawerk (1921) p. 86; Stigler (1941) p. 205; Schumpeter (1954) p. 908. See also Blaug (1962) p. 470.


  [25] See Dorfman (1959b) p. 363; Blaug (1962) p. 471. Cf. also Mises (1949) p. 490.


  [26] Hayek (1941) p. 89,


  [27] Hayek (ibid.) uses this consideration to reject the “produced means of production” definition of capital goods. See also Hayek (1936) p. 364, n.19.


  [28] See e.g. Böhm-Bawerk (1921) p. 100.


  [29] Hayek (1936) pp. 374ff; (1941) pp. 93, 146ff, 189–190.


  [30] Hayek (1941) p. 147.


  [31] Knight (1935) p. 57.


  [32] Even Hayek (1936) p. 374, concedes some justification to this view “for didactic purposes.”


  [33] See Mises (1949) p. 490, Rothbard (1962) p. 45.


  [34] Böhm-Bawerk (1921) p. 83.


  [35] For an apparent expression of this kind of interpretation, notice the following: “Why is a long lived consumption good regarded as a ‘capital’ good? Because it is full enjoyment necessitates an appreciable degree of ‘waiting’.” Fraser (1937) pp. 266–267.


  [36] For Knight’s earlier views on this point see Knight (1931) p. 198.


  [37] Böhm-Bawerk (1921) pp. 97–98. Kaldor’s rather surprising statement on this point (1937, p. 192) has already been sharply criticized by Schumpeter (1954) p. 901, n.26.


  [38] Böhm-Bawerk (1921) p. 116.


  [39] Wicksell (1934) Volume I, p. 177.


  [40] Böhm-Bawerk (1921) p. 117.


  [41] Haavelmo (1960) p. 47.


  [42] Haavelmo (1960) p. 40.


  [43] Fraser (1937) pp. 208–209.


  [44] Hayek (1936) p. 377.


  [45] Dorfman (1959b) pp. 359ff.


  [46] A few additional words of clarification may be helpful. It may be objected that even in the “planning” context, it is of course possible for the decision maker to view the first plan as calling for additional input in the form of waiting, in order to obtain the greater quantity of grain. This is perfectly true. Analogously if one pays fifty cents for the privilege of sitting on a hard chair (with the hardness viewed as a necessary evil), one may indeed alternatively say that one is sacrificing fifty cents plus the discomfort of sitting on a hard chair, for the privilege of sitting on a chair at all. Clearly it may not always be possible to declare without arbitrariness that a certain disutility associated with a particular enjoyment is to be viewed as lowering the relative position of this enjoyment on one’s value scale, rather than as an independent sacrifice required as an “input” for the purchase of the enjoyment. The point made in the text is simply that in the planning context it is possible (and sometimes even natural) to view the futurity of output as qualifying its desirability (from the point of view of the present)—in which case no separate sacrifice of waiting need be taken into account. This is in contrast to the “positive,” technological, description of a process, in which, even when the date of output has been specified, it is not necessarily superfluous to notice that a time interval elapses between the investment of inputs and the final yield.


  [47] Cf. Hayek (1941) p. 420.


  [48] Fraser (1937) p. 387. This formulation of the “law of roundaboutness” has become quite common in recent literature, see e.g. Hayek (1941) p. 60, Mises (1949) p. 492, Hazlitt (1959) pp. 212, 230, Haavelmo (1960) p. 92.


  [49] Hayek ibid.


  CHAPTER FOUR


  MEASURING CAPITAL


  The discussions of the preceding chapters have paved the way for a consideration of that knotty problem, the measurement of capital. There exists a sizeable literature attempting to grapple with this problem, some writers denying that capital measurement is possible even in principle, some claiming to have discovered the “right” method to achieve such measurement, some arguing that more than one measure is required, others arguing again that no measurement problems whatsoever exist with respect to capital other than those common to all resources. Here we will attempt to clarify the major issues involved, by a consistent application of the positive approach to the analysis of capitalistic production that has been endorsed in this essay. We commence with our own discussion of the capital measurement difficulties, to be followed in the second half of the chapter by a critical survey of the relevant literature.


  A DISCUSSION OF THE PROBLEM OF CAPITAL MEASUREMENT


  What Should a Measure of Capital Measure?


  We consider a market economy at a given date. Each of the individual members of the economy owns some stock of capital goods. Each of these capital goods was produced during some past period of time with some definite process of production, its production having been undertaken in anticipation of and for the sake of its ability to advance subsequent stages of production. Each of these capital goods is now capable of making various contributions to alternative future processes of production including possibly (but not necessarily), the contributions envisaged at the time when these goods were produced. The stock of capital goods available today is the result of the production and consumption decisions made during past history. The future course of history depends on the decisions that will be made with respect to the utilization of resources services that can be expected to be available during the future, including the services of the existing stocks of capital goods.


  Now, were the present stock of capital goods to be in some sense “smaller” than what it is, then the streams of output that can be expected from the future, would seem smaller, in some anticipated sense, than they actually do seem. One aspect of the capital measurement discussion has to do with attempts to render precise the “quantity” of capital involved in such a statement; this is the search for a “forward-looking” measure of capital.


  On the other hand, we have observed that the existing stock of capital goods is the result of choices made in the past. In order to achieve the existing stock of capital goods, sacrifices were made, alternative uses of past resource services were foregone. Clearly if lesser sacrifices would have been made in the past, in some sense, the stock of capital goods existing today would in some sense be smaller than what it in fact is. Another aspect of the capital measurement discussion has to do with attempts to render precise the “quantity” of capital in this kind of statement; this is the search for a “backward-looking” measure of capital.[1]


  Or again, the existing stock of capital goods may be considered apart from their past history, and from the future course of production to which they may make contribution. Attempts have been made to pin down some sense in which a quantity notion can be attached to the collection of sheer physical items that make up the capital stock. Sometimes “forward-looking” or “backward-looking” measures of capital have been used, not as being of prime interest in themselves, as for their ability to serve more or less appropriately as substitute measures for the stock of capital conceived of simply as a collection of physical items.


  We will take these alternatives interpretations of the notion of a capital quantity (which by no means exhaust the full list of such interpretations), as the starting point in our discussion. We consider first the notion of a quantity of capital goods as it relates to the individual decision-maker; then we will take up the notion of the quantity of capital goods in the economy as a whole.


  The Quantity of Capital Available to an Individual


  Let us first dispose of the necessity to devise a measure of capital goods seen merely as a collection of physical items and nothing more. If one is indeed unconcerned with the economic history leading up to the present existence of the stock, and also not directly concerned with the contribution to future output that these items can make, then there can clearly be little immediate economic interest in any such measure. And even if one’s announced interest in the quantity of physical goods is for the purpose of eventually using this physical measure in decision making with respect to future production, or in the analysis of future production, it is difficult to perceive its usefulness. The truth is that the heterogeneity of the various physical items in the stock not only constitutes a well recognized barrier to the construction of such a measure, but represents at the same time the reason why such a measure can play no significant role at all in the analysis of decision making in the course of capitalistic production. The producer simply cannot afford to ignore the heterogeneity of the various items in the capital stock. The particular alternative combinations of resource services from among which he chooses all depend crucially on the special features possessed by each piece of capital equipment. To treat a given stock of heterogeneous capital goods as a homogeneous quantity must involve either the suppression of the differences that exist between the various items (in which case the resulting measure has no relevance for decision making in production) or else the assimilation of these differences into the measure, based on weights derived from the importance which decision-makers attach to these differences (in which case the measure is either “forward-looking” or “backward looking” and is no longer a bald physical measure at all.)[2]


  Turning to backward-looking and forward-looking measures of capital we notice first of all the special case in which the most desirable prospective production processes are precisely those which were envisaged at the various dates at which construction of the currently-existing capital goods was undertaken. As was observed in the first chapter, this is the situation in which the earlier stages of the multi-period plans adopted in the past, have been carried through successfully without the discovery of anything calling for a revision in the later stages of these plans. A measure of the sacrifices made in the past in order to arrive at the present state of affairs measures at the same time the sacrifices that are rendered unnecessary by the availability of the capital stock—sacrifices which had in the past been considered justified by the anticipated usefulness of the capital goods. Or, to put it the other way around, a measure of the flow of productive services that the most efficient exploitation of the present stock of capital goods now promises to yield, measures at the same time the anticipated productive contribution for the sake of which the goods were constructed in the first place. In this special case the “present state of affairs” appears now merely as a cross-section of the even course of economic history. The sacrifices measured by a backward-looking view of the present state of affairs dovetail faultlessly with the prospective productive contributions made possible by the present state of affairs, as measured by a forward-looking view of this state of affairs. As was noticed in the first chapter, this situation is one in which only fleeting interest attaches to the “present state of affairs.” From the vantage point of later dates nothing that needs to be explained about the course of economic history will be seen to have depended importantly upon the state of affairs in such a situation. The case that is of interest for the theory of capital is the realistic one in which the forward-looking measures of the capital stock do not dovetail with the backward looking measures (e.g. in which the forward-looking measure of capital shows a quantity of it too small to have justified the past sacrifices indicated by the backward-looking measure of the same stock).


  It follows, then, that for the cases that are of interest for a theory of capital, the notion of a quantity of capital goods must be spelled out either in terms of the past sacrifices that gave us the capital goods in question, or in terms of the future productive contribution these goods can be expected to make for the efficient producer. In general these two notices will not dovetail; the quantity of capital as measured by its prospective contribution to production will not be that quantity for the sake of which the past sacrifices were incurred. It will in general be illegitimate to use a backward-looking measure of capital as an index of its productive capacity, or a forward-looking measure as an index of the past sacrifices incurred.


  Backward-Looking Measures of Capital: The Individual


  Let us consider the requirements for a backward-looking measure of the capital goods owned by an individual. It will be simplest to consider this problem first in a Crusoe setting. The sacrifices made by Crusoe in the past in order to attain his present state consist of the best alternative uses to which each bit of past input could have been applied at the time when one of the decisions was made that contributed to the production of the capital goods now possessed. At each past date when input was applied towards capital goods production, some “next best” employment of the input was foregone. The aggregate of these sacrifices is what it is sought to measure for the purpose of the backward-looking measure of the now existing stock of capital goods. This seems clearcut enough; but it raises the obvious problem of heterogeneity in ways that are apparently not always obvious.


  It is important to realize carefully wherein this heterogeneity problem exists and where it does not exist. Heterogeneity is a problem here not because of the heterogeneity of the existing capital goods themselves, since we are measuring the stock of these goods in terms not of the physical items making up the stock, but of the past sacrifices responsible for the stock. If past sacrifices were homogeneous in nature, then we would have no heterogeneity problem at all. But past sacrifices are in general not homogeneous, and this for two reasons.


  First, the sacrifices involved in past inputs are in general of different kinds. While there is no objection in principle to a search for the “amount of past sacrifice” involved in a stock of heterogeneous capital goods, understanding “sacrifice” as a simple homogeneous quantity, the likelihood is that the alternative outputs foregone in the past were themselves of different kinds. Suppression of these differences (by collapsing all the different sacrifices into a single homogeneous sacrifice notion) may do no particular harm, as far as concerns our purposes in wishing to measure capital in this way, but it does require the solution of an index-number problem.


  Second, the orifices involved in the production of the capital goods were, in general, made at different dates. This involves a heterogeneity problem, almost completely ignored in the literature, that is thrown into focus by an approach which emphasizes the decisions associated with the capital stock. A distinction is made in the literature[3] between “point-input” cases (where all the inputs responsible for capital goods were invested at one single date), and “continuous-input” cases (where the inputs responsible for the capital goods were invested continuously over a period of time). Now, in the case of continuous input, we can assume that capital goods must in general be ascribed to a series of decisions made at various dates. It follows, then, that even if the alternative outputs foregone at each of these past dates were to be identical in all observable respects, any attempt to add them together would involve a problem of heterogeneity. This is so (a) because the date at which an act of consumption takes place (or is foregone), is an important respect in which it differs economically from other acts of consumption, even when all the acts of consumption are appraised as of one particular date; and (b) because in the continuous input case each of the foregone possibilities of consumption was being valued at a different date.[4]


  For Crusoe these difficulties must certainly appear insuperable. Even if a system of weights is able to be devised that could bring together all the different kinds of enjoyments (rejected during the process of producing the capital goods) into a single quantity of sacrifice, this could be done only with respect to Crusoe’s value scale as of one particular date. In a world in which tastes and expectations are in principle free to change there seems no theoretically valid way in which the sacrifices undertaken at various dates can be aggregated.[5] Of course it would still be possible in principle for Crusoe to appraise the aggregate of past sacrifices as they now appear to him in retrospect, but it is not clear in what sense this would be able to provide a useful measure of the capital stock. The rationale of the backward looking measure of capital as we have thus far described it rests on the assumption that where greater sacrifices have been undergone, they were accepted only in order to achieve “more capital” (as viewed in anticipation). This would require a measurement of the relevant sacrifices at the times at which they were under undertaken. If one could assume that a plan to construct the entire existing stock of capital goods had been adopted at one date (in advance of the times at which the actual sacrifices necessary would have to be undertaken) there would perhaps be some merit in measuring these sacrifices as of the date at which they were originally envisaged. But barring this special case, even this limited value must be denied to the Crusoe backward looking measure of capital.


  Let us see whether these difficulties arise entirely out of the peculiarities of the Crusoe setting, and can be avoided by transferring the problem to a market economy. Can an individual in a market economy devise a backward-looking measure of his stock of capital goods, that should not founder on the heterogeneity problems we have discovered?


  The advantage, for the purposes of measuring “economic quantities,” that is conferred by the existence of a market, arises out of the possibility of using market prices to overcome the heterogeneity problem by translating quantities of one physical commodity into value terms for comparison with quantities of other physical commodities. The immediate justification for this is that the market in fact permits easy conversion through commerce of a quantity of physical goods into other goods of equal market value.[6] Can we use market prices to measure the sacrifices undertaken during the past in order that the present stock of capital goods be brought into existence. Clearly the current market prices of the items making up the stock will not serve for this purpose. Current market prices reflect the present anticipations of the productive usefulness of the capital goods, and thus, we have already noticed, may be quite different from the corresponding expectations held at the time when the capital goods were produced.[7] Our first thought is to add up the market values of the inputs used in the past in the production of today’s stock of capital goods, making sure to allow compound interest to accrue at the respectively appropriate rates and for the respectively appropriate lengths of time.[8] (The “appropriate” rate of interest would here be that rate which could, at the time when input was applied in the past, have been obtained for a loan of funds for the relevant length of time, i.e. till the present date. It would be incorrect to use the rate or rates of interest that have in fact been ruling during this length of time, since we are concerned with the extent of the sacrifice undertaken at the time of input application.)


  This way of calculating the “cost” of the capital stock would certainly overcome the heterogeneity problem that arose due to the different kinds of alternatives involved in the various applications of input. These would now be expressed in homogeneous terms of monetary value. A particular alternative enjoyment foregone at one date can be added to a particular alternative enjoyment foregone at a second date, because both enjoyments are expressed in monetary terms. Inclusion of accrued interest (as outlined in the preceding paragraph) enables one to compare sacrifices made in the distant past with those made in the immediately preceding past, since they are being measured by the amounts of money at the present date which these sacrifices could respectively have bought at the dates at which they were undertaken.


  But reflection will convince us that we have not yet succeeded at all in obtaining the backward looking measure of capital which we have been seeking. Our purpose in seeking such a measure was to exploit our understanding of the past decisions which led to our existing capital stock. Knowing that larger sacrifices would have been undertaken only for the sake of a more desirable stock of capital, we sought to use a homogeneous measure of these sacrifices as an index of the size of our capital stock. But all we have succeeded in obtaining is the sum yielded by adding together all the quantities of present money that could have been owned today if, instead of applying inputs at various past dates, their market values in money had been loaned out at the going rates of interest up to the present date. This sum of money is indeed the present money equivalent of the production costs of the goods in our capital stock. But since this sum is composed of money values of costs incurred at different past dates, the sum itself is unable to serve as a measure of the “total sacrifice” incurred in the past for the sake of the present stock. The money equivalent of the input applied at one past date may serve as a measure of the sacrifice involved in its application, because the money was an alternative, available at the time, which was rejected for the sake of the capital stock. But since an individual is at no time able to choose between two alternatives the adoption of which require decisions to be made at different dates, it follows that sacrifices undertaken at different dates cannot be compared. (A person may pay x dollars in the summer to enjoy a cold shower, this shows he prefers the latter to the former; he may pay y dollars in the winter to enjoy a warm bath, this shows he prefers the bath to the y dollars. But even if y > x this does not prove that the winter bath is preferred to the summer shower. Even though we know that in the winter he prefers y dollars to x dollars, and so also in the summer, we have no decision possibility permitting him to choose simultaneously between summer and winter enjoyments. He may use the loan market to express his present preferences between x dollars in the winter and y dollars in the summer, but this, of course, is something different).


  In brief, our individual seeking to measure the quantity of sacrifice involved in his present capital stock by using market values, still finds himself confronted with one of the heterogeneity problems that Crusoe found insuperable. The inputs applied at different dates correspond to sacrifices that can in principle not be compared or aggregated. To add the money values of these inputs is to add essentially heterogeneous items together and to delude oneself into believing that, because all the values are money values, the heterogeneity does not exist. The fact is that a dollar sacrificed at one date can no more be added to a dollar sacrificed at a different date, than a carrot can be added to a potato. The fact that the carrot and the potato are each called “vegetable” does nothing to alter the matter. Only in the every special case when all the past inputs that produced the current stock of capital were committed in one single irrevocable decision, (so that all that was sacrificed was valued as of a single date), can one hope to use the market value of inputs (as anticipated at the moment of decision), as a measure of the sacrifices undertaken. Only in this case can a backward looking measure of capital be conceivable.


  We conclude that the attempt to measure the “quantity of capital” in an individual’s stock of capital goods, by measuring the past sacrifices involved, must be pronounced a failure. In a later section we will discover what additional difficulties stand in the way of constructing, even in principle, a backward-looking measure of the entire capital stock that exists in an economy as a whole. We turn first to consider the possibilities for a “forward-looking” measure of the capital stock of an individual.


  Forward-Looking Measures of Capital: The Individual


  The rationale of the forward-looking measure of capital is provided by the notion that a larger stock of capital goods ought to make a larger contribution to future output than a smaller stock. The purpose is then to measure the capital stock by the contribution to future production that it is able to make. Capital goods are in this context treated exactly like other resources, and involve no problems of measurement that are not shared in principle by other resources. Several problems present themselves in connection with the construction of such a resource measure. First there is the problem of reducing to a single quantity all the contributions to output that the stock of capital is able to make during many different future periods of time. Second there is the problem created by the many alternative ways in which the stock of capital can be used in future production—what precisely do we wish to mean by the “prospective productive contribution” that a capital good is able to make?


  As far as the first of these problems is concerned there seems to be no great difficulty, at least for an individual in a market economy. Once the second problem has been solved, that is, once we have identified the particular future output flow which we consider as the prospective contribution to output of the capital goods, then we can simply find the present market value of this contribution by adding together the prospective market values of each bit of the future output flow, appropriately discounted down to the present date (at the relevant rates of interest now prevailing). This will give the individual an “objective” value of the productive capacity of his stock of capital. (Of course, the individual might be more interested in his own subjective valuation of this flow of output. This will permit him to gauge the desirability of the flow by reference to his own private tastes, including time preferences. In general this could lead only to an ordinal measure).


  The real difficulty, it is clear, has to do with the second problem, that of identifying the contribution to future production that we wish to associate with a particular capital good or collection of capital goods. The difficulty is a result of two circumstances, (a) the versatility of capital goods, and (b) the possibilities of substitution between capital goods and other inputs. First, since capital goods may be used in the production of more than one kind of output, we are required to specify the particular product towards the output of which the stock of capital is, for our purposes, considered able to make contribution. Second, since in the production of many products there exists the possibility of using either relatively more capital with other inputs, or relatively less capital, and since future output depends sensitively on the particular ratio between inputs that is employed, it is necessary to specify the degree of capital intensity that we have in mind when we talk of “the productive contribution” of our capital goods.


  The fact is, of course, that these difficulties arise from the necessity to make decisions with respect to the productive utilization of capital goods, as of other available resources. It is in many respects a misleading simplification to talk as if a given resource were unambiguously associated with a definite flow of output, in the sense that such an output flow is forthcoming automatically from the resource. Until a definite plan has been formulated that shall clearly mark out the part in the production process that a piece of capital equipment is to fill, it is not really meaningful to talk of its “potential contribution to production.” This is so not only because, as was stressed in earlier chapters, output does not emerge without decisions being made,[9] but also because as we have now seen, there are more than one use to which a resource can be put, and more than one technique by which it can be applied to a given use. We have already observed that it would be inappropriate to use, for this purpose, the original production plan envisaged at the time the capital was constructed; the essence of our attempt to measure capital in a forward-looking manner is to be able, where necessary, to ignore bygones. It appears, then, that the attempt to measure a stock of capital goods in terms of their potential contribution to future output must assume that all the decisions with respect to the utilization of the capital goods have already been made in the light of current conditions. This means, in addition, that the forward-looking measure of the capital stock is able to provide a measure of capital only against the background of given anticipated prices for other inputs and for products (since it is only with the knowledge of these prices that a production plan can be formulated). To measure the potential productive contribution that a stock of capital goods can render, in isolation from the consideration of other factors of production, appears to be an impossible task.


  But, once the difficulties and qualifications surrounding a forward-looking measure of capital have been comprehended, it becomes likewise clear that such a measure is in fact obtainable, in principle, without the problems that frustrated the search for a backward-looking measure. The truth is that a capital good is measured—no matter what difficulties this task entails, and no matter how inaccurately it is performed, whenever an individual buys or sells the capital good, and whenever, possessing a capital good, he refrains from selling it at the going market price. And the measurement so made is certainly a forward-looking one. The highest price a person will pay for a capital good is set by his estimate of the present value to him of the addition to the future flow of output that the capital good can make possible, taking into account the particular production process in which he envisages the capital good to be applied, and the particular manner in which he envisages it to be used in this process. The fact that capital goods are bought and sold is evidence that individuals are indeed able to compare its productive usefulness with that of other resources, and with quantities of immediately consumable commodities.


  Does this mean that an individual can measure the size of his stock of capital by simply finding out its current market value? Not quite. We have seen that a forward-looking measure of capital implies that one has in mind a definite plan for the productive utilization of the capital goods. Such a plan depends on one’s expectations concerning the future prices of the different possible products and of the different possible complementary inputs. An individual’s forward-looking measure of a given stock of capital goods is thus highly individualistic, depending crucially on his own subjective expectations concerning the future. The market price of a capital good expresses the quantity of capital that it represents to other individuals in the market (the marginal buyers and marginal sellers), based on their expectations. In the absence of an equilibrium situation there is not even a guarantee that the market price fully expresses the expectations of all potential market participants. And even if the market were to be in equilibrium, our individual cannot be sure that he shares the set of expectations upon which the market price is based. So that for an individual who has his own ideas as to the future, the market price does not provide the subjective measure in which he is interested. On the other hand, for an outside observer wishing to see how much capital the market ascribes to a particular capital good, the market price certainly gives him the information he wants provided he remember that those who do not trade at the going price clearly disagree with the rest of the market as to the size of the capital good’s prospective productive contribution.[10]


  The Quantity of Capital Available to an Economy as a Whole


  We turn now to consider the additional complications that attend the search for a measure of capital, when the capital sought to be measured is that of an entire economy, (or is the “average” capital available per head, a concept that implies the aggregation of all the capital available to the group). We will discover that our dissatisfaction with other treatments of this aspect of the capital measurement problem, stems more than ever from the prevalent disregard of the plan relevance of the capital concept.


  Now, if our interest were in the stock of capital conceived as a collection of physical objects, then there would in principle be no especial difficulty with the construction of an aggregate measure of all the capital goods that exist in an economy. All that would be involved would be the addition of the machines that belong to A, to the machines that belong to B, and so on. But we have already shown that we are not very interested in the “size” of the stock of capital goods in physical terms, where this involves the suppression of the economic differences between heterogeneous goods. There seems no reason for our interest to be reawakened in such a concept merely as a result of the widening of the focus of attention to embrace an entire economy.[11] Our interest, then, must still be in the economic aspects of the nation’s stock of capital goods, and this raises serious questions concerning the meaningfulness of aggregation in this context altogether.


  Supposing, for the sake of argument, that each of the individuals in the economy had succeeded in devising a valid “backward-looking” measure of the capital stock that he possesses. In other words, each individual has a clear quantitative notion of the sacrifice undertaken in the past for the sake of the capital goods he now possesses. Is there any meaningful way of adding these measures of capital together in order to measure the aggregate stock of capital? Clearly there loom formidable theoretical obstacles in the way of adding together the “sacrifices” undertaken by different individuals. The sacrifices we are concerned with are not quantities of objective physical inputs applied; we are concerned with the subjective notion of sacrifice undertaken by each individual in his past decisions. There is no way of comparing the subjective sacrifices undertaken by different individuals. Even if each individual had somehow succeeded in expressing his “quantity of sacrifice” in terms of money, the addition together of these sums of money representing the sacrifices of different individuals cannot succeed in representing a meaningful adding together of the different subjective sacrifices expressed by these sums.


  But let us disregard this difficulty, let us imagine that somehow the sacrifices of different individuals can be added together into a single aggregate quantity. Can the resulting quantity serve as a measure of aggregate capital? In what sense does the size of this aggregate sacrifice attest to the size of the capital stock? For an individual, the size of the sacrifice that he undertook in the past, measures the quantity of capital produced through this sacrifice as anticipated at the time the sacrifice was undertaken. Even if the anticipations have been proved incorrect, there may still be interest in measuring the size of the present capital stock as it was anticipated at the time its construction was undertaken. But when we aggregate the sacrifices made by a large number of individuals, whose past anticipations are likely, at least to some degree, to have been mutually contradictory, we obtain a quantity which hardly seems to have any meaning at all. If A anticipated warm weather and produced an air-conditioner at great sacrifice, while B anticipated cold weather and produced an oil burner with similar sacrifice, then it is clear that in no sense did the “society as a whole” made up of A and B, anticipate conditions in which both capital goods are as valuable as indicated by the respective costs of production incurred.


  Nor is the situation greatly different when we consider the possibilities of aggregating forward-looking measures of capital. We have seen that the rationale of such measurements is that the “quantity of a resource” is nothing but another way of describing the additional quantity of input flow which the availability of the resource can make possible. Measuring capital in a forward-looking manner expresses the anticipated usefulness of the capital stock to its owner. We have seen that this presumes a definite plan on the part of the prospective capitalistic producer. This plan in turn depends on the anticipations which he holds concerning the plans of others, in particular as these will express themselves as prices of products and of complementary inputs. If we add together the measures of the capital stocks possessed by different individuals, as measured in a forward-looking way, we are likely to be combining, in effect, mutually inconsistent plans. The point of this whole discussion is that a measure of capital differs from a measure of output in that the former, unlike the latter, depends crucially on some definite plan of production in which the capital is to play a role. Whether backward-looking or forward-looking, a measure of capital necessarily involves the consideration of some plan (either past or prospective) in which the capital appears (as end or as means). A measure of output can, at least in principle, be considered apart from the plans to which the output is to be ascribed (although this does not necessarily provide the most theoretically satisfying measure). Because output can be considered apart from individual plans, the attempt to measure aggregate output (whatever other theoretical difficulties it encounters) does not necessarily have to grapple with the problem of mutually inconsistent plans.


  Simon Kuznets seems to have something of this in mind when he criticizes the aggregate measure of capital formation as viewed only as “mechanical sums of bookkeeping entries by business firms and individuals.” “Even if the purpose were to study capital purchases and consumption as items that influence the decisions of businessmen.... This purpose would call for ‘motivational’ entries which, by and large, are neither additive nor capable of manipulation mathematically, except within a framework of distinct motivational structures.”[12]


  All this may seem quite discouraging insofar as concerns the attainment of a meaningful aggregate measure of a nation’s stock of capital. Certainly the definite collections of physical things that are possessed by individuals permit of being conceptually added together to be considered as a single such collection, (but without any analytical purpose being served by representing this collection as a uni-dimensional quantity). But insofar as each individual is able to measure the capital of which his stock of machines consists, in terms of their prospective usefulness to him in production (either as viewed when their construction was originally undertaken, or as viewed currently), it appears clear that the resulting measures are unique to each individual, do not in general permit comparisons between individuals, and yield no meaningful aggregate when added together. To become aware of this is surely a step forward in one’s understanding of the nature of capital within the framework of the decisions that make up the productive process.


  And yet it cannot be denied that one is left not entirely satisfied with this conclusion. Is it really without meaning to say that the capital per head in country A is greater than in country B? Is it meaningless to attempt to explain the higher productivity of labor in country A by reference to the larger quantity of capital combined with each man-hour of labor? It is indeed difficult to deny that we, in fact, use aggregate concepts of capital in this manner; what is the meaning to be attached to such concepts, and how do they relate to the “individualistic” concept of capital that has been adopted for the purpose of this essay?


  Careful reflection on the matter will, it is believed, reveal that the aggregate concept of capital, the “quantity of capital available to an economy as a whole,” is, for a market economy, a wholly artificial construct useful for making certain judgments concerning the progress and performance of the economy. When using this construct one is in fact viewing the economy in its entirely as if it were not a market economy but instead a completely centralized economy over which the observer himself has absolute control and responsibility. When, for example, one is concerned with the size of the stock available to society in a forward-looking sense, what one is really thinking is as follows. Supposing one were to be able to draw up a complete social listing of output priorities and supposing one were in command of all the information necessary to formulate centralized production plans for the future, what is the additional flow of this “social output” during future years, that is to be ascribed to the presence of the nation’s stock of capital. One is thus not merging the plans of all the individual capital owners who participate in the market economy, one is conceptually replacing these plans by a single master plan that one imagines to be relevant to the economy as a whole, and against which one gauges the performance of the economy as a whole.[13]


  Now, in order to use such a holistic capital concept with consistency, and in a manner parallel to that which we adopt with respect to the individual capital notion, certain assumptions have to be made. If one wishes to talk of the “cost of the economy’s stock of capital,” in the sacrifice notion of the backward-looking capital measure, it is necessary to imagine that the existing stock of capital has come into being as the result of past integrated centralized decisions over the years. Only then, with the additional assumption of a holistically conceived scale of social values, can one think in terms of the “social sacrifice” involved in the past production of the present stock of capital. Now, so long as this aggregate concept of capital is used with continual awareness of the special assumptions needed to give it meaning, no very great harm can result. But when, as is so frequently done, the aggregate quantity of capital is used in conjunction with discussions of the market process, things become very blurred indeed. The truth is that the aggregate concept of capital has meaning only on assumptions according to which all parts of the capital stock are completely integrated with one another. Each piece of capital equipment in the stock is assumed to have been constructed as part of the same central plan which led to the rest of the stock. Each capital good has its part to play; no two capital goods has a function which precludes the full utilization as planned, of the other. But these conditions can exist in a market economy (in which planning is decentralized) only in the state of equilibrium. The essential function of the market is, after all, to bring individual plans which do not mesh, into greater mutual coordination. So that it turns out that the aggregate concept of capital presupposes conditions that are not only violated in the real world, but which assume away some of the major problems which it is the task of a market theory of capital to elucidate. It is the realization of all this that seems to have inspired much of the work of Professor Lachmann in the theory of capital, with his wholesome stress on the problems raised by the need for complementarity among the different items that compose the aggregate capital stock.[14] And, at the close of his notable review article of Mrs. Robinson’s Accumulation of Capital (in the course of which he subjects her discussion of the problems of capital measurement to devastating criticism) it is thus that he sums up the future tasks of the capital theorist: “How bold, then, would the next step be, viz. the realization that the notion of a stock of capital which invariably has the ‘appropriate’ composition required by circumstances, is an obstacle rather than a help to our understanding of the nature of economic progress?”[15]


  THE CAPITAL MEASUREMENT PROBLEM IN THE LITERATURE


  In the second half of this chapter we turn now to examine critically some of the ways in which the capital measurement problem has been treated in the literature, with special attention to the more recent contributions. Our examination and criticisms will rely heavily on the discussion of these matters that has been presented in the first half of the chapter. Much has been written concerning capital measurement, with the perspective being variously that of economic theorist, statistician, or econometrician. We will discover that many of the points raised in our discussion earlier, have been raised somewhere in the literature, we will however also find, unfortunately, that much of the confusion that has surrounded the treatments of these points is to be ascribed to the prevalent failure to place the theory of capital in the context of the relevant individual plans. Our criticism of the various treatments of the capital measurement problem will thus repeatedly draw attention to the ways in which awareness of the individual planning context of capital stocks might either have cleared up points that have raised unnecessary difficulty, or might have revealed points of real difficulty that have in fact apparently escaped attention.


  Physical Goods or Abstract Fund—What Are We Trying to Measure?


  A considerable amount of disagreement has concerned the question of what precisely is being sought in a measure of capital, a measure of physical things or a measure of an abstract capital fund which these physical things supposedly represent. This disagreement has much to do with the familiar controversies concerning the way in which the economist ought to look on capital in general. J. B. Clark, who argued in favor of the notion of capital as a homogeneous fund of productive capacity, distinguished sharply between the value of the capital stock which measures the size of this fund, and the physical description of the heterogeneous capital goods in which the capital fund is embodied at any particular time. Böhm-Bawerk, who rejected the fund concept of capital, saw no reason why the possibility of measuring a stock of capital as a value, implies that what is being measured is an abstract quantity apart from the concrete capital goods. To show that capital has a value, is by no means sufficient, he argued, to establish that capital is a value.[16] The same points were made again in the course of the Hayek-Knight debate during the thirties. Knight contrasted what he considered the discredited notion of capital as “things,” with what he considered the appropriate view of it as a “fund”, this fund being “thought of as either a value or a ‘capacity’ to produce a perpetual flow of income.”[17] Hayek’s objections to this view, cited in earlier chapters, did not deny that the various capital goods possess a “common attribute of being a condition of making investment possible;”[18] but in his view this does not at all justify treating “capital” as if it were a quantity of something apart from the particular goods that make up the capital stock. Böhm-Bawerk himself, Hayek charges, was partly responsible for the spurious notion of homogeneity that has given rise to the fund-concept, because he stressed the capacity of capital goods to act as a subsistence fund.[19]


  It is not to be thought, of course, that the mere search for a single measure of capital, one that should overcome the problems of heterogeneity, necessarily involves the fund-notion of capital. While it is true that Samuelson, for example, contrasts the position which refuses to aggregate heterogeneous capital goods into a single capital quantity with what he calls the “Clark-like concept of aggregate capital,”[20] we have already noticed that Böhm-Bawerk was willing to measure capital as a value without conceding anything to Clark. More recent writers, too, have discussed the possibility of two measures, one measuring the physical things in the capital stock, the other measuring the value of the ‘fund’ considered to be represented by these things. Hicks especially has stressed the need for both capital concepts,[21] both being measurable in principle.


  From the point of view adopted in this essay the issues seem quite clear. The only common attribute that different constituent parts of the capital stock possess, is that they are intermediate products. This provides no basis whatsoever for their conception as a homogeneous fund of any kind. Nonetheless, we have seen in the first part of this chapter, there may be, in principle, the possibility of measuring a stock of heterogeneous capital goods in terms of past sacrifice, or of future potential productive contribution associated with them. Clearly what would be sought thus to be measured would be the physical goods themselves, but only by reference to the economic history, past or future, associated analytically with these goods. The stock of physical things that make up capital is not homogeneous. There is no underlying “fluid” (mystic or otherwise) that is represented by these physical things; so that a collection of these things in no sense represents a fund. Nonetheless, since these things are intermediate products—that is, they are (a) the results of earlier production processes and are (b) planned to be used in future production processes—we may wish to measure them by the past sacrifices to which they are to be ascribed, or by the future yield to which they are planned to give rise. But this does not mean that these physical things themselves are to be viewed as a “stock” of past sacrifices, nor as a “fund” of future productive capacity. They are not to be viewed as a stock of past sacrifices, because bygones are bygones; past sacrifices in no sense effect the current economic status of these capital goods. On the other hand they are not to be viewed as a fund of future productive capacity because their ability to contribute to future output calls for a whole series of new decisions to be made; capital goods in themselves are, indeed, potential inputs, but that is all.


  The Heterogeneity of Capital as an Obstacle to its Measurement


  One brief review of the ambivalence with which the literature has treated the capital concept, now as a collection of physical things, now as a homogeneous fund of some kind, leads us naturally to a more general examination of how the physical heterogeneity of capital goods has been handled in the capital measurement literature. Some writers seem to have understood the problem of capital measurement as arising almost entirely out of the heterogeneity of the constituents of the capital stock.[22] An attempt to measure a stock of capital must add together entirely different items. At the same time many writers have pointed out that the heterogeneity problem is by no means peculiar to capital.[23] Any attempt to measure the aggregate flow of labor, for example, will very soon run into the same difficulties of adding together fundamentally different entities. Other writers, again, have denied that the heterogeneity of capital is responsible for the characteristic difficulties that surround the measurement of capital. Even if all capital goods were identical, these writers argue, the real problems that plague the measurement of capital would remain.[24]


  We have already, in the first half of this chapter, expressed the opinion that no useful analytical purpose is served by a measure that has no other goal than that of deliberately suppressing the heterogeneity that does, in fact, characterize a stock of capital goods. If a measure of capital seeks to discover some factor common to the various different goods, for example, their capacity to yield a product, or their having been produced at a sacrifice, that is one thing. But if the seeker after a capital measure is not concerned with these possible aspects of homogeneity in the stock,[25] if he confines his attention strictly to the present physical aspects of the capital goods, then, we argued, an attempt to construct an index of capital quantity draws away attention from significant aspects of capital, because decision-makers must, in fact, never lose sight of the unique quality of each capital good. And, just as the decision maker dare not lose sight of capital heterogeneity, so is it unnecessary for the theorist to ignore it. “With our armchair omniscience,” Hahn and Matthews remark, “we can take account of each machine separately.” Insofar as the capital measurement problem arises from capital heterogeneity it is “no problem at all because we never have to face it if we do not choose to.”[26] A number of writers have insisted that the aggregation of capital in the sense of physical things, into a single quantity, is analytically unnecessary.[27] And it has also been pointed out that if an index of physical things is constructed, this necessarily injects some kind of value element into the measure, so that the measure is not strictly a physical one anymore.[28]


  Heterogeneity has been seen as a problem associated with that of capital measurement in yet an additional sense. Even if all the physical things that make up the capital stock were identical, Lerner has argued, the “measurement of the marginal product of capital still would involve measuring the capital and consumption goods in the same units so as to obtain a pure number for the marginal product of capital that could be compared with the rate of interest.” So long as capital goods are physically different from consumer goods, it is argued, homogeneity of the goods making up capital stock would appear not to have solved anything at all.[29] Hicks has somewhat similarly endorsed the measurement of a capital stock as equivalent to a homogeneous fund of consumption goods, partly on the grounds that this makes possible the measurement of a capital increment in the same units as the saving that corresponds to it.[30] For the same kind of reason a number of theorists have chosen to discuss models in which there exists only one physical commodity (such as the perennial in Knight’s Crusonia economy discussed in the previous chapters) that can be either consumed or used as capital in the production of more of itself.[31] Dewey has written of the advantage which this model possesses of avoiding the spurious problem of capital measurement.[32] (Compare also Böhm-Bawerk’s conception of capital as inchoate consumer goods “so that the whole economy can be thought of as a single consumption-goods sector.”)[33]


  On the other hand, however, it has been objected in the literature that the one-product model necessarily slides over interesting aspects of capital theory.[34] From the point of view adopted in this essay one of the principal objections to this one-product simplification is that it obscures the real economic difference between the constituents of a stock of capital on the one hand, and both the original inputs and the final output on the other hand. Measurement of capital in terms of an allegedly equivalent quantity of consumer goods is one thing (to be discussed briefly later in this chapter); but a model which measures capital as a quantity of consumer goods because the capital consists physically of consumer goods is necessarily viewing the capital stock in entire abstraction from its economic role. It measures the capital stock purely as a collection of bald physical items, misleadingly implying that these items are economically identical with similar physical items that are planned as outputs.


  These objections to the artificial homogenization of the capital stock (and especially the achievement of such homogenization by its reduction to consumer goods) are magnified when the capital measure sought is an aggregate one for the entire economy. As already noted earlier in this chapter one of the most fruitful insights into the market process in a capitalistic economy consists in noticing how this process brings about continual adjustments in the decisions of capital goods producers in the direction of more complete complementarity between the heterogeneous items that make up the aggregate stock of capital.[35] Models which deliberately treat capital as if it were homogeneous, and measures of capital that not only slur over inconsistent plans on the part of the various owners of capital goods, but treat capital as something with respect to which inconsistent plans are in principle an impossibility, do a disservice to the extent that they facilitate (and have in fact facilitated) the tendency to ignore entirely this aspect of capital theory in the context of the market.


  Heterogeneity, Quality Changes, and Forward-Looking Measures of Capital


  A special case of heterogeneity exists where a particular capital good, highly specific to a given branch of production, is being produced today in a quality superior to that of the corresponding good produced last year. Both goods are “typewriters,” or “locomotives,” but the later model is “better” than the older one. If an old model locomotive was considered one unit of capital (when it was new), should a new model locomotive be considered as more than one unit of capital, and, if so, how much more?—or should we say that one locomotive is still one unit of capital, but that capital has now become more productive? The problem of quality change is one with which statisticians and econometricians have to grapple in a number of contexts, the problem in the present instance is to devise a theoretically valid way of dealing with quality changes in capital goods that should take into account the special nature of capital goods (as against, for example, that of consumer goods). This constitutes a special case of the heterogeneity problem, in that while the two locomotives are different, they are yet both locomotives, so that one’s natural reaction is to compare their respective output. This had led to an examination of forward-looking capital measures for possible use in this special case, far more readily than in the general case.


  It should be observed that quality change is not the same thing as technological progress. Different qualities of locomotives may, for example, be produced in different years as a result of changing cost conditions. Nonetheless the treatment of quality change has much in common with the treatment of technological progress (and the two seem to have sometimes become confused in the literature). Especially where technological progress is wholly “embodied” in the capital goods being most recently produced—i.e. where the marginal productivities of capital goods produced earlier is not affected by the change[36]—both kinds of change raise virtually identical problems. Should a measure of capital reflect these changes as increasing the quantity of capital (per “locomotive”) or as increasing the productivity of capital (per unit of capital)? Clearly this relates to the question of whether to use a forward-looking measure of capital or not. Those who have deliberately avoided forward-looking measures of capital, have had to face the same kind of heterogeneity problem that complicates capital measurement in general, (except that they have had to repress with some sternness the natural tendency to consider a better locomotive as being “more locomotive,” an urge which does not present itself in connection with goods that have no function in common).[37] Among those who have in this context sought alternatives to forward-looking measures of capital have been especially those wishing to be able to talk of increases in the productivity of capital, arguing that forward-looking measures render this impossible by definition (that which produces more simply representing a greater quantity of capital).[38]


  On the other hand, those who have considered the use of forward-looking capital measures as a means of homogenizing capital goods of different quality, have encountered some of the characteristic problems which such measures necessarily face. Perhaps foremost among these has been the question of defining the output to be imputed to the capital good involved, in the light of the variable proportions in which capital goods may be combined with complementary inputs. One quantity of machines may, with a given quantity of labor, produce the same output that another number of machines (of different quality) is able to produce with the same labor. But it may be that when combined in turn with some other quantity of labor, each of the two sets of machines yields an output different from that of the other. Under these conditions it is not a simple matter to use the forward-looking approach in order to measure the relative quantities of capital in the two sets. This has been a widely recognized difficulty with the forward-looking approach to capital measurement;[39] in the context of the attempt to handle quality changes it has given rise to a good deal of ambiguity and disagreement. Thus Hicks apparently considered a forward-looking measure of capital such that one new machine shall be said to consist of twice the capital represented by an old machine when the new machine produces, together with a given quantity of labor, twice the output produced by the old machine with the same quantity of labor.[40] Green, on the other hand, wishes us to say that the new machine consists of twice the capital represented by the old machine only when the former produces, with a given quantity of labor, as much output as two old machines can produce when combined with the same total quantity of labor.[41] One of the forward-looking measures considered (and rejected) by Denison involves yet a third criterion.[42]


  Green, in fact, uses his version of the forward-looking measure to deny altogether that such a measure rules out by definition the possibility of increase in the marginal productivity of capital. Disembodied technological progress, he argues, is entirely able to increase the marginal productivity of a unit of capital (as he wishes us to define it).[43] A machine which last year produced, with a given quantity of labor, output in a certain quantity, may this year produce a greater quantity of output with the same labor. Green’s own measure enables him to read this as an increase in productivity, while Hicks’ measure would interpret it as an increase in capital. All this illustrates the treacherous territory that the would-be measurer of capital must traverse in connection with quality change. It must be confessed that Green’s argument in this respect, while perfectly consistent as a matter of mere definition, seems nonetheless to be undeservedly seeking the best of both worlds. If one wishes to use a forward-looking measure of capital, one that focuses attention not on past cost, nor on physical specifications, but on output capacity, then it seems strange that a sudden disembodied technological advance which enables each machine to generate double the output it generated previously in each of its possible uses, is to be viewed as leaving the capital stock no larger than it was before.


  Moreover, from the point of view of the discussion in the first half of this chapter it should be clear that no great advantage has been won by being able to use a forward-looking capital measure without having to surrender the notion of changes in the productivity of capital. With the focus of our interest centered on the decision maker, it is clear that the marginal productivities with which he is concerned, are never those of inputs in general, or of capital in general, but are always those of individual bits of input (whenever the different bits of input are in fact significantly different from one another). We have seen that the decision maker’s use of the production function concept never homogenizes capital goods of different qualities so that where the productivity of capital goods is concerned, the notion of homogeneous capital quantity is irrelevant. On the other hand, where an individual wishes to assess his potential future flow of output, and associates the likelihood of this flow concretely with the capital goods at his present command, he is no longer directly concerned with the marginal productivities at all. So that where a legitimate interest in a homogeneous forward-looking capital measure may exist, the specification of the production function (and the possibility of its changing under the impact of technological progress) no longer holds our attention.


  And again, pursuing further the views developed in the discussion in the first half of this chapter, the whole search for an “objective” forward-looking measure of capital, involving, as we have seen, all the ambiguities and confusion arising from the treatment of complementary inputs, seems to imply an unfortunate approach to the problem. What is being sought by the writers whom we have cited in the present section, is a forward-looking measure of capital that in no way depends on the decisions to be taken with respect to the employment of the capital goods in question. It may almost be described, perhaps, as a technological, rather than an economic measure of the output capacity of the capital. What is being sought, in this literature, is a measure of capital that should express its productive potential in the same way as an engineer might express the thermal capacity of a particular fuel. Naturally this capital measure encounters the problems and ambiguities created by the alternative ways in which the capital goods can be combined with the other inputs—the very alternatives which impose the necessity to make decisions. The truth is that when one considers a forward-looking measure of capital one ought to renounce interest in all other aspects of the capital stock in question and inquire only into the output flow which possession of the existing stock promises to generate. From this point of view the forward-looking capital measure measures future prospects; it is of the essence of the theory of capitalistic production that future prospects cannot be simply read off from the list of capital goods now possessed. Future prospects represent the output flow expected from a particular plan being contemplated with respect to the capital stock now possessed. Only in the context of such a contemplated plan, can the owner of a stock of capital measure it in a forward-looking manner.


  Market Value as a Measure of Capital


  We turn now to review briefly the manner in which the capital measurement literature has dealt with the possibility of using the market prices of capital goods as a measure of the quantity of capital they represent. As Lerner has observed, this procedure is most tempting; a market value is expressed in terms of homogeneous money, it is a value measure that can be related to income, it corresponds to the way in which the businessman measures his capital, it facilitates calculations involving the rate of interest.[44] Nonetheless many economists have expressed uneasiness on the matter, both from the point of view of the practical feasibility of the procedure, and from that of its theoretical validity.


  As far as concerns the practical feasibility of measuring the quantity of capital represented by a collection of capital goods by reference to their market value, the problem is a simple one. It has been pointed out that the characteristic immobility and specificity of capital goods leads to a high level of transaction costs, with a consequently weak second-hand market. Market prices for most goods in the capital stock are thus difficult to obtain.[45] This difficulty, of course, is of more concern to the statistician than to the theorist.[46]


  From the theoretical standpoint the market value measure of capital has been criticized on a variety of grounds. It has been pointed out that market prices reflect individual valuation only as made at the margin, so that the use of market prices to measure the total value of capital is inappropriate. (This criticism is, of course, relevant to the measurement also of other economic quantities, such as that of consumer goods, in terms of market value.)[47] This objection seems a very powerful one with respect to attempts to measure the quantity of capital in the economy as a whole.


  It has also been pointed out that for purposes of comparison over time, not many of the characteristic problems of capital measurement can generally be avoided by the use of market values. As soon as one wishes to make corrections in order to adjust for price changes over time, one is faced with the problem of constructing an index of capital goods prices. But in order to construct such an index one must be able to measure the quantity of capital in units other than money. We are “back to the point where we started.”[48] It ought to be observed that this objection has relevance primarily to the use of market values in order to measure capital goods viewed as mere physical goods. When market values are considered (as they were, with limited results, in the first half of this chapter) in order to facilitate a backward or forward-looking capital measure, the problem of adjusting for price changes is in principle no more difficult than it is in connection with other kinds of economic measurements.[49]


  Several writers have objected to the market value measurement of capital quantity “because we do not identify quantity with money value for any other class of commodities, so how can we justify it for this one?”[50] Lerner, for example, shows how the measurement of labor by its market value might lead to a reduction in the quantity of labor (so measured) when the number of man-hours worked is in fact increasing. The confusing consequences for the specification of the marginal product of labor are not difficult to imagine.[51] This objection, too, seems to have relevance only to the measurement of capital in the sense of physical goods; only then can one demand parallelism with the measurement procedures used with the other factors of production. Nonetheless it is important to notice the asymmetry between the treatment of other factors of production on the one hand, and of capital (in the forward-looking sense, say) on the other hand. This asymmetry has been noticed by several writers.[52]


  A number of writers are dissatisfied with a market value measure of capital because they are interested in a measurement of the quantity of capital partly in order to explain the rate of interest. Since the market values of capital goods necessarily reflect already the rate of interest (at which future yields are discounted), the resulting aggregate quantity can hardly be used as an independent factor in explaining the determination of the market rate of interest.[53] One’s appraisal of the seriousness of this objection will depend on the importance one attaches to an explanation of market interest rate determination that rests on the aggregate quantity of capital in the economy. (And it must not be forgotten that, no matter what the market rate of interest, the participants in the capital goods market never lose sight of their own individual subjective scales of time preference, in their calculations of the present subjective value to them of anticipated output flows of various time shapes).


  Ultimately, then, the usefulness of market values for capital measurement depends on what precisely it is than one is seeking to measure. If it is physical things that one seeks to measure, without regard to their “capital”-character, then clearly market values will not do. Market values reflect the valuations of the market participants. If it is in the past (“cost”) history of the capital goods that one is interested, market values can again be of little use; market prices do not in general directly reflect bygone conditions.[54] Only if one is interested in a forward-looking measure of capital do market values hold any promise of being at all useful. The limitations to their usefulness in this regard, (especially insofar as concerns the aggregate quantity of capital in an economy) have been discussed in the first half of this chapter.


  Cost Measurements of Capital


  Among the various proposals towards the measurement of capital that have been put forward in the literature are a group which concern themselves with the cost of capital goods. We will now briefly examine these proposals, and discuss their relationship to the “backward-looking” capital measure that was considered (and rejected) in the first half of this chapter.


  The attempt to measure the quantity of capital represented by the cost of capital goods has been made in a number of variants. We find (a) real cost measures; (b) cost measures in terms of foregone consumption goods; and (c) a cost measure, that differs from either of these two measures, that has been proposed by Denison.


  (a) Real cost measures seek to measure capital by finding out what inputs the capital goods “embody.” If capital good A was produced by 10,000 man-hours of labor, then it is to be described as consisting of twice the capital represented by capital good B, produced by 5,000 man-hours. Good A embodies twice the input embodied by good B. In principle a real cost measure of capital could be devised such that all inputs (including if so considered, “abstinence” or “waiting”)[55] should be reflected in the measure.[56] Mrs. Robinson, however, has proposed a pure labor-cost measure of capital.[57] The obvious weaknesses of this rather surprising proposal have been thoroughly criticized by a number of writers, among whom we may perhaps include Mrs. Robinson herself.[58] One general objection (over and above these criticisms) thrusts itself forward, from the point of view adopted in this essay, against all real cost measures. This is that, as explained in the first half of this chapter, they cannot reflect the past sacrifices, subjectively understood, that were undertaken for the sake of today’s capital goods. All that real cost descriptions of capital goods can furnish is the technical, not the economic history of these goods. (Even the inclusion of “waiting” in the real cost concept that Dorfman has presented does not exempt it from this stricture, because, as discussed in the preceding chapter, the waiting concept used is itself not appropriate to the explication of the economic choices made.)


  (b) A second cost measure of capital is that which measures a stock of capital goods by the sacrifice in terms of consumption goods that the capital goods represent. While no thoroughgoing attempt to develop such a measure seems to have been undertaken, a number of writers have discussed the possibility of such a measure, and seem to have assumed its theoretical validity.[59] The basic idea is to reduce the capital stock to “its equivalent” in consumption goods, on the basis of the universal necessity to forgo the latter if capital is to be possessed. If this can be accomplished, if capital can be expressed as its equivalent in consumption goods, we would have a measure that can be compared with income and can be used in conjunction with interest rate comparisons. Such a measure would be a cost measure since it represents the opportunity cost, in terms of immediate consumption, of the capital stock.[60]


  While there is a certain initial attractiveness in a proposal to measure capital—representing the basis of our anticipations for greater “future” consumption—in terms of the associated sacrifice of “present” consumption, the proposal cannot be pronounced theoretically satisfying. A comparison of the notion of sacrifice involved in such a proposal, with that which provided the rationale for the (unsuccessful) search for a backward-looking capital measure in the first half of this chapter, at once reveals the inadequacies of the proposal here being discussed. This proposal finds the quantity of consumption goods that has a market value equal to that of the capital stock, and then immediately states the former quantity to be what is foregone in order to maintain possession of the latter. Now insofar as the individual capital owner is concerned, it is quite true that the market value of his capital goods expresses the immediate consumption that he rejects in order to ensure for himself the future output flow to be derived from his capital stock. This expresses his subjective assessment of the present value of the future output stream as being greater than the current market price of the capital goods (in terms of its current purchasing power over consumption goods).[61] This, after all, was the reasoning behind the use of the market value of capital as a forward-looking measure. But it is difficult to see how this provides the basis for an aggregate measure of capital (as the writers cited above apparently intend it to be used). It is difficult to read meaning into such a concept as the aggregate present consumption foregone for the sake of the aggregate capital stock. How could a choice be made now by the economy as a whole between its entire stock of capital on the one hand, and its “equivalent” in consumption goods on the other. If the sacrifice in consumption goods pertains to that which has been foregone in the past during the history of the accumulation of the present capital stock, then, as discussed at length in the first half of this chapter, it is necessary to specify the decisions responsible for these sacrifices, and it is further necessary to gauge these sacrifices in terms of the choices made at the dates of these decisions, and in terms of the value rankings relevant to these dates. Nothing in the brief statements of the proposal here under discussion makes any mention of all this, or of the theoretical difficulties we have already seen all this to entail.


  (c) We refer finally to the rather special cost measure proposed by Denison in his pioneering paper on capital measurement.[62] Denison specifically rejects forward-looking measures of capital, and asks for a measure based on cost. Two machines which, in a given year, would cost equal amounts to produce, are to be described as consisting of equal quantities of capital, in spite of the possibly superior productivity of one of the machines. Denison emphasizes[63] that his is not a real cost measure: two identical machines produced, in different years, with different quantities of labor, still represent equal quantities of capital, because in any given year they would be produced at equal cost (since they are identical). In fact, it is clear, Denison’s measure is not all a “cost” measure in the sense of measuring the economic sacrifice historically involved. Rather Denison is attempting to measure machines in physical terms and reasons that physically equal things can be produced by physically identical inputs in a given year. This provides the rationale for using production cost as an index of physical quantity. One’s appraisal of this measure must largely rest on what one conceives it to be that one wishes to measure. Denison’s own interest, as developed at length in his paper, is quite a practical one. For those seeking a notion of capital measurement that should help to sharpen one’s theoretical concept of the nature of capital and its place in the production process, Denison’s measure can be of little assistance.


  The Durability of Capital as an Obstacle to Measurement


  Our review of the capital measurement literature has revealed a number of aspects of the matter that have given rise to difficulty. In closing this survey we draw attention briefly to one further aspect which, in the opinion of several writers, is responsible for much of the practical difficulty of measuring capital. These writers refer to the durability of capital goods as a source of difficulty.[64] The matter is of some interest in that it reveals what these writers seek to be measured by a capital measure, and also illustrates their view on the economic role of capital in production.


  Where two otherwise identical machines are of different durabilities, these writers contend, the market will value the longer lasting machines more highly and will thus distort the measurement of the quantity of capital. What we have here are two identical machines, but the market does not consider them identical. In order to obtain a correct capital measure, it is thus necessary to adjust by reducing the value placed on the more durable machine.


  Clearly what is being sought to be measured is “the number of machines,” rather than the quantity of capital represented by these machines, in any of the senses usually attached to the term. The focus of attention for these writers is not a period of time long enough for the different durabilities of the machines to make a difference, but rather one so short that each of the “identical” machines be for all practical purposes equal to the other. The search for such a measure of physical things necessarily diverts attention from the future economic history of these things, and also (insofar as different costs may have been incurred for the sake of different durabilities) diverts attention from the past economic history of these things. We are left with the search for a measure of physical things in respect of which varying durability is a distinct nuisance.


  More fundamentally, it seems, at least part of the problem raised for these writers by varying durability, is to be ascribed to the particular view of the nature of capital that has been discussed in Chapter Two in connection with the work of Haavelmo and of Smith. It will be recalled that these writers saw the function of capital in production to consist of making its productive contribution by simply being there. In this view the essence of the role of capital is to increase the productivity of the flow inputs while itself not being used up. It follows that insofar as different machines are capital, their productive contribution is completely independent of their durabilities. Where the market bids the price of the prospectively longer-lived machine higher, this in no way reflects any greater quantity of the currently-stocked input. With the time aspect of production plans pushed into the background in this way, the first requisite for a measure of capital is to adjust matters so that the varying lives of different machines can be ignored.[65]


  


  [1] The terms “forward-looking,” and “backward-looking” measures of capital were introduced by Hicks (1961). It will be seen that they are used here in a sense somewhat different from that used by Hicks.


  [2] As we will discover in the second half of this chapter, an examination of the literature turns up many attempts to measure capital goods in purely physical terms. A widely employed justification for such attempts has been the wish to be able to measure changes in the “productivity of capital,” or to examine the production functions in which capital goods appear as inputs (and are thus measured in physical terms). Insofar as interest in these aspects of capital pertains to decisions made by potential producers, the discussion in the text denies validity to such attempts at physical (as distinct from economic) homogenization. On the relevance of “productivity” measurement to the decision-making approach to economic analysis see G. Stigler (1961).


  [3] The distinction is ascribed by Hayek (1941) p. 66, to R. Frisch. See also Lutz and Lutz (1951) p. 5.


  [4] Even in point input-point output cases the difficulty will still exist with respect to the different capital goods produced at different dates.


  [5] See Little (1950) pp. 84–85; Rothenberg (1961) Appendix to Chapter 2, and Weckstein (1962).


  [6] See Mises (1953) p. 48.


  [7] “Any measure based on market prices was bound to be forward-looking....” Malinvaud (1961b) p. 306.


  [8] Cf. Lindahl (1939) pp. 313f.


  [9] Cf. the discussion above pp. 21f; 62f.


  [10] On this point see Smith (1962) p. 487.


  [11] Even if one were concerned with a centrally planned economy the objections raised above (pp. 105f) in connection with the individual, would apply with equal force to the state.


  [12] Kuznets (1957) pp. 271–272.


  [13] Cf. above p. 34. See also Hayek’s (1941) (Part II) treatment of capital in which this approach is explicitly adopted (pp. 27, 99) with references to the antecedent literature. The concept of “intact maintenance of capital” for an economy as a whole must be understood in the same way. (See above p. 68 for the arbitrary judgments required to give meaning to this concept even for the individual).


  [14] See Lachmann (1956).


  [15] Lachmann (1958) p. 100.


  [16] Böhm-Bawerk (1921) pp. 60–61.


  [17] Knight (1935) p. 57.


  [18] Hayek (1941) p. 93.


  [19] Op. cit. ibid. See also Hayek (1936) pp. 372–376. On this point see also Kendrick (1961) p. 105.


  [20] Samuelson (1962) p. 193.


  [21] Hicks (1963) pp. 342f. Cf. also Griliches (1961) p. 118.


  [22] See e.g. Dorfman (1959b) pp. 351f; Boulding (1950) pp. 177–182; Hahn and Matthews (1964) p. 888. See also Green (1964) Part IV.


  [23] Smith (1962) p. 486; Kendrick (1961) p. 107; Domar (1961) pp. 404–5; Andersen (1965) p. 69; Haavelmo (1960) p. 45.


  [24] Haavelmo (1960) p. 45; Lerner (1953) p. 540; Metzler (1950) p. 292.


  [25] In the discussion in the first half of this chapter queries were raised as to whether either past sacrifices or future yields do, in fact, present homogeneous aspects of capital. While these questions do not seem to have been raised in the literature on sacrifice, several writers have noticed the problem of heterogeneity in yield. See Kendrick (1961) pp. 108f; Sen (1960) p. 17; Robinson (1956) p. 119; Lachmann (1958) p. 93.


  [26] Hahn and Matthews (1964) p. 888.


  [27] Solow (1956) pp. 101–102; Samuelson (1962) p. 193.


  [28] Sen (1960) p. 17.


  [29] See Lerner (1953) p. 540. Note that Lerner’s own position is that the marginal product of capital is not the magnitude that should be compared with the rate of interest, so that this problem disappears.


  [30] Hicks (1963) pp. 344–345.


  [31] Ramsay (1928); Hahn and Matthews (1964) p. 783; see Lerner (1953) p. 541.


  [32] Dewey (1963) p. 134n.
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  [43] Green (1964) p. 94.


  [44] Lerner (1953) p. 539.
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