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1. Introduction

Ever since the publication of Volume III of Karl Marx’s Capital in 1894, economists’ discussion of the work has focused largely on a single issue:  the internal consistency of its value theory.  Both Marxist and non-Marxist economists have repeatedly alleged that Marx’s theory of the relation of prices to values and profit to surplus-value is internally inconsistent, as are related propositions such as his law of the tendential fall in the profit rate.  They have also tried to solve the questions he addressed in a supposedly more coherent manner.  In this paper, I will critically survey the particular school of Marx-critique that dominated the 20th century, particularly from the 1970s onward, and that remains dominant today.  

Following Ian Steedman’s (1977:72, 216-17) self-designation, I will refer to this school as the physical quantities approach or, for short, the physicalist school.  Since Steedman is a prominent Sraffian, I should emphasize that the physical quantities approach and Sraffianism are not synonymous.  The term “physical quantities approach” instead refers to any approach that draws conclusions about the workings of capitalist economies from models in which the sole proximate determinants of values, relative prices, profits, and the rate of profit are “physical quantities” or, more precisely, technology and real wages.  While this definition identifies physicalism in terms of its claims concerning determination, it can alternatively be defined in terms of its method, simultaneous valuation or simultaneism.  As I will discuss below, the two definitions are equivalent because it is the method of simultaneous valuation that generates physicalist conclusions.  

These definitions of the physical quantities approach cast a wide net.  In addition to Sraffians and pre-Sraffians, encompassed within this net are the works of Marxist critics of Sraffianism such as Anwar Shaikh, of neoclassicists such as Paul Samuelson, of authors such as Nobuo Okishio and Michio Morishima whose work is more indebted to Wassily Leontief and John von Neumann than to Piero Sraffa, and even of some approaches that might seem to emphasize the role of monetary variables rather than physical quantities.

My perspective may seem to be absurdly reductive.  By focusing exclusively on a technical apparatus that these authors have in common –– a mere “tool,” in the jargon of economists –– am I not sweeping aside the important respects in which their views differ?  My answer is that economists’ “tools” dominate over their views.  Their models have their own logic; they carry their own implications.  Although two economists may wish to say quite different things, they will end up saying the same thing if their model is the same.  They can, to be sure, each give it a different spin, but it seems to me that such differences are rather like disputes over whether the glass is half-empty or half-full.

Alfredo Medio’s work on the “transformation problem” illustrates this phenomenon in an especially striking fashion.  In 1970, Maurice Dobb (1972:205, 208) seems to have been the first to argue that there exists a single “Ricardo-Marx tradition in economics,” and that the movement back to David Ricardo initiated by Sraffa’s (1960) book was likewise a movement “’back to Marx’ with a vengance.”
  Calling this view “neo-Ricardian” (and evidently coining the term), Medio strongly dissented.  The bulk of his paper argued that Marx’s value theory was “a critique rather than a development of Ricardo’s theory” (Medio 1972:313).  Yet because he accepted the physical quantities approach and its alleged proof of Marx’s error, his opposition to “neo-Ricardianism” did not and could not inform Medio’s (1972:330) “formal model.”  Indeed, inasmuch as he employed Sraffa’s “standard commodity” in order to obtain the required equalities between price and value magnitudes, Medio’s solution to the “transformation problem” differed from previous physicalist ones only by being even more Sraffian!

Since the physicalist strand of Marx-critique extends throughout more than a century, the task of surveying it in a single paper is, in a certain sense, a daunting one.  What makes the task manageable at all is the fact that the fundamentals of the physicalist critique have been in place from the beginning.  I refer particularly, but not exclusively, to the essays published in 1898 by V. K. Dmitriev (1974) and in 1906-07 by Ladislaus von Bortkiewicz (1952, 1984).  My survey will accordingly concentrate largely on these works and their implications.  Subsequent physicalist critiques of Marx are little more than a series of extensions and elaborations upon them, and often plain repetition of them.  Recognizing this fact, Steedman (1977:17, n19) “wondered whether ‘Marx after Dmitriev’ or ‘Marx after Bortkiewicz’ might not be a proper title” for his now-famous book, but opted to call it Marx after Sraffa on the ground that Sraffa’s model was a generalization of those of Dmitriev and Bortkiewicz.  

In saying that the physicalist critique was almost all there from the beginning, I do not mean to disparage subsequent authors.  Due to language barriers and political factors, they seem often to have been unfamiliar with their predecessors’ research.  Bortkiewicz’s work, written in German, was introduced to the English-speaking world in 1942 by Sweezy (1970), and most of it was translated between 1949 and 1952, but Dmitriev’s work, written in Russian, was almost unknown in the West until its translation into French in 1968 and English in 1974.   Indeed, according to Desai (1988:312), “Sraffa is said to have possessed the only copy of the original Russian publication in the western world.”  Subsequent authors thus seem often to have reinvented, not copied, the physicalist wheel.

I have tried to present the following history as non-technically as I possibly can.  Yet it is impossible to avoid the quantitative dimensions of the issues under discussion.  The relationship between price and value magnitudes, and especially the impact of technological progress on the tendency of the rate of profit, are inherently and irreducibly quantitative issues.  Although I agree that Marx was more concerned to critique the character and ideology of capitalist society than to explain how prices are determined, when this argument is used to dismiss the quantitative issues, it simply misses the point.  The debate over Marx’s value theory has never been about what he wanted to say, but about whether some things he did say are internally inconsistent.  

One cannot dispose of the internal inconsistency allegations with a few general remarks about methodology or the differences between Marx and Ricardo.  Marx’s quantitative conclusions can either be shown to follow consistently from his value theory or they cannot.  If they cannot, much of the “qualitative” dimension of Capital is also fatally flawed.  For instance, if physicalism has refuted Marx’s argument that the productivity of machinery is not a source of profit, what becomes of his theory of the capital fetish?  If it has refuted his argument that technological progress under capitalism tends to lower the rate of profit and generate economic crises, what becomes of his claim that the system is a transitory one?  Sometimes, as Marx (1977:90) noted, everything does turn on minutiae.

2.  Dmitriev’s Laborless Theory of Value

Dmitriev (1974:50ff) set out to defend Ricardo against the charge of having had a circular theory of value, in which a good’s price was determined by costs plus profit, while profit was determined by price minus costs.  Anticipating Sraffa’s (1951:xxxi) interpretation by more than a half-century, Dmitriev argued that Ricardo’s rate of profit was actually determined independently of prices.  The level of the rate of profit ultimately depended only upon the relationship between the amounts of wage goods that are produced and the amounts of wage goods that workers receive  –– a purely physical relationship. 

Because the amounts of wage goods that workers receive in turn depend on the amount of labor they perform, Ricardo’s profit theory seems to be a labor theory.  But, Dmitriev (1974:62) noted perceptively, his analysis actually applies to any kind of goods, not just wage goods: “whenever … some product ( has been used up in the production of ( and we can obtain a larger quantity of the same product … as a result of the production process, the profit rate … will be a fully-determined quantity greater than zero ….”  Profit is thus a function of the level of technology, and not surplus-labor specifically.  “[T]he origin of industrial profit does not stand in any ‘special’ relationship to the human labour used in production” (Dmitriev 1974:64).   

Unlike most later physicalists, Dmitriev unflinchingly pursued the logic of this argument to its conclusion.  Living labor need not be extracted at all in order for profit to arise.  We can 

imagine a case in which all products are produced exclusively by the work of machines, so that no unit of living labour … participates in production … an industrial profit may occur …[,] a profit which will not differ essentially in any way from the profit obtained by present-day capitalists. [Dmitriev 1974:63]

[Although] wage labour is not used in production, …‘surplus value’ will nevertheless arise, and …consequently, there will be profit on capital.  [Dmitriev 1974:214]  

Dmitriev’s use of specifically Marxian terminology makes quite clear who his target was.  That the editor of Dmitriev’s book could state that “his system of thought is compatible with Marxian economics” (Nuti 1974:7) only indicates how far Marxian economics had departed by 1974 from Marx’s own work. 

As I noted in the previous section, physicalist conclusions concerning determination are generated by, and can only be generated by, the method of simultaneous valuation.  Dmitriev’s attempt to demonstrate his claims reveals this intrinsic connection clearly.  Consider a simplified version of his procedure.  Machines of a certain type produce replicas of themselves without the assistance of human labor or other inputs.  These machines wear out after one year, but at year’s end they have produced a greater number of machines. 

Assume that firms buy 10 machines as inputs at the start of the year, and that 11 machines are produced at the end.  The firms’ total cost (TC) is whatever 10 machines were worth at the start, and their total revenue (TR) is whatever 11 machines are worth at the end.  By definition, their profit is total revenue minus total cost, and their rate of profit is their profit in relation to total cost:
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In principle, the level of the rate of profit could be anything.  It will be high if total revenue is large in relation to total cost, and low or even negative if total revenue is small in relation to total cost.  Everything depends on how much more the 11 machines are worth, at the end of the year, than the 10 machines were worth at the start.  This in turn depends on whether the price of the machines has risen or fallen during the year.


It seems to me that Marx’s value theory implies that the price will fall and the rate of profit will be zero.  The value of the product (the value of the 11 machines) is equal to the sum of value transferred from the used-up means of production (the value of the 10 machines) plus the value added by living labor.  But value added is zero because no living labor is extracted, and so the 11 machines are worth at year’s end just as much as the 10 machines were worth at the start, neither more nor less. 
  Total revenue equals total cost, and the rate of profit is zero.  

To obtain the contrary result, a positive rate of profit, Dmitriev valued his input machines and his output machines simultaneously.  Without a word of argument to justify his procedure, he modeled his automated economy as if the purchase of the 10 machines had occurred simultaneously with the production (or sale) of the 11 machines.  In effect, he suppressed the elapse of time.  By doing so, he likewise suppressed the potential fall in the price of the machines since, at one given moment in time, the machines can obviously have only one price.  Each input machine must be worth exactly as much as each output machine.  It follows that the 11 output machines must be worth exactly 10% more than the 10 input machines.  Hence, total revenue must be exactly 10% greater than total cost, profit must be equal to 10% of total cost, and the rate of profit must be 10%.

We can see that, in addition to yielding a positive profit rate, the simultaneist method has generated some other crucial physicalist conclusions.  First, it has made price and value irrelevant.  The rate of profit is determined independently of the price level.  Whether the (simultaneous) price of the machines is high or low, the rate of profit must always be 10%.  Second, the rate of profit is determined exclusively by the state of technology, the relationship between the physical quantities of use-values employed as inputs and produced as outputs.
  Dmitriev’s 10% rate of profit is identical to and determined by the rate of “self-expansion” of the machines, the 10% increase in output relative to input.  This will always be the case.  Thus, if we had assumed a 20% rate of machine self-expansion, we would have obtained a 20% rate of profit.


It may be thought that the case of a single good that produces replicas of itself is far too simplistic to permit conclusions to be drawn in the general case.  Yet Dmitriev and later physicalist authors have shown that simultanous valuation yields similar results for broad classes of cases in which numerous inputs and outputs exist.  Imagine for instance, as Dmitriev did, that there also exist industries in which his machines produce luxury goods, and that the rate of profit is equalized throughout the economy.  The latter condition means that all industries’ profit rates must equal the rate in the machine industry.  Hence, the economy-wide rate of profit is 10% and, just as in the earlier case, it is determined by the state of technology in machine production.  


As we will see below, much of the subsequent history of the physical quantities approach can be understood as a variety of attempts to square such simultaneist-physicalist models with Marx’s value theory.  Like attempts to square the circle, they have failed because they must fail.  Simultaneous valuation is incompatible with the determination of value by labor-time.  Dmitriev’s case of positive profit in a fully automated economy already makes that fairly clear, but it may be helpful to illustrate the incompatibility further by means of a few additional examples.   

Assume that, in addition to the 10 input machines, Dmitriev’s firms now also require labor to produce new machines, but that, for whatever reason, output consists of only 10 machines as well.  According to Marx’s theory, the 10 output machines must be worth more than the 10 input machines.  Specifically, the value of the 10 output machines must equal the value of the 10 input machines plus the value added by living labor.  Simultaneous valuation implies, to the contrary, that the 10 output machines are worth only as much as the 10 input machines.  Living labor has not been a source of new value.  

Now assume instead that output consists of only 9 machines.  Simultaneism implies that the 9 machines must be worth less than the 10 machines.  Thus living labor has subtracted value instead of adding it.

More generally, the simultaneist method implies that if physical output is x% greater than physical input, then value added must equal x% of whatever physical input is worth, irrespective of how much or how little living labor is pumped out in production.  Another implication is especially important to the physicalist critique of Marx’s law of the falling profit rate to which we will turn next:  if the same amount of labor yields an amount of output that exceeds input by x% at one time, but 2x% some time later, then value added will also have doubled.   In both of these cases, we see again that the magnitude of new value is determined by technology rather than by the amount of labor extracted from workers.

3.  The Law of the Tendential Rise in the Profit Rate


In Part 3 of Capital, Volume III, Marx grounded a theory of economic crisis in his law of the tendential fall in the rate of profit.  Contrary to what is often supposed, the point of this law was not to predict an unbroken, long-run decline in the rate of profit, but to argue that capitalism is inherently crisis-ridden.  There exist mechanisms that tend to halt and reverse the decline in the rate of profit, but they function by triggering recurrent crises.   

Marx’s law holds that the rate of profit tends to fall with technological progress.  This result depends crucially on his value theory.  The principle that value is determined by labor-time implies that value added is determined by the amount of labor that workers do, not the amount of physical output their labor yields.  So although productivity tends to rise continually over time, value added per worker remains the same.  If the rate of exploitation is constant, and prices in the aggregate stay in line with values, then profit per worker also remains the same when productivity increases.  However, the productivity gains are generally achieved only by means of a larger capital investment per worker (a rising organic composition of capital).  And since the rate of profit can be expressed as the ratio of profit per worker to capital investment per worker, the constancy of the numerator along with the rise in the denominator means that the rate of profit falls.    

This law, with its revolutionary political implications and its reliance on a value theory that few theorists take seriously, has been subjected to unrelenting criticism from the start.  One popular line of criticism has focused on the fact that productivity gains actually tend to make the rate of exploitation rise.  Profit per worker thus tends to rise along with capital investment per worker, so that the tendency of the rate of profit is indeterminant.  Everything depends on which of the two rises faster (Robinson 1941:243-45, Sweezy 1970:102-04).  

Marx was of course aware of the rising tendency of the rate of exploitation.  But in anticipation of the above critique, he had pointed out that this tendency can have only a limited effect on profitability.  Even if workers “live on air” (Marx 1981:356, cf. 523), profit per worker cannot exceed value added per worker, and the determination of value by labor-time implies that productivity gains fail to boost the latter.  The rise in profit per worker thus runs up against a limit.  But the rise in capital investment per worker does not.  Hence the tendency of the profit rate to fall remains in effect.

Proponents of the rising rate of exploitation critique never really engaged this rebuttal.  Their position was a popular one, but they failed to deliver a knock-out punch.  They needed a persuasive argument that value added per worker rises with productivity, and for that they needed a persuasive argument against the determination of value by labor-time.  Only an alternative principle of value generation would do the trick –– but they lacked such a principle. 

As we have seen, simultaneous valuation is precisely the kind of principle they needed.  It appears to establish rigorously that a doubling of productivity translates into a doubling of value added.  The simultaneist critique of Marx’s law thus proved to be far more effective than the rising rate of exploitation argument.  Once it became widely known in the 1970s, it caught on quickly.  

Although they were not widely known beforehand, objections to Marx’s law based on simultaneous valuation or physical ratios had been around from the beginning.  In 1899, both the Russian “legal Marxist” Mikhail Tugan-Baranovsky (1901) and the Italian philosopher Benedetto Croce (1914) criticized the law in this way.  Similar critiques came from Bortkiewicz (1952) in 1907, Georg von Charasoff (1910) in 1910, Natalie Moszkowska (1929) in 1929, Kei Shibata (1934) in 1934, and Samuelson (1957) in a brief footnote to a 1957 paper.  A 1961 generalization of Shibata’s work by Okishio (1961) is the most famous of these critiques, as well as the most sophisticated one produced up to that time, and the physicalist “refutation” of Marx’s law has come to be known as the Okishio Theorem.  John Roemer (1981, Ch. 5) and others later generalized the theorem even further to allow for the employment of fixed capital.  

The Okishio theorem cannot be understood completely without knowing a certain theorem of matrix algebra, but its essential logic is easily understood in light of my earlier discussion of Dmitriev’s contribution.  Input and output prices are equated, with the result that the rate of profit becomes a function solely of physical quantities –– technology and the real wage rate.  In order to study the impact that technological progress alone has on profitability, real wages are assumed to be constant.  As we have already seen, simultaneous valuation implies that a more productive economy turns out to be a more profitable economy.  The theorem’s “bottom line” is that new techniques adopted by profit-rate maximizing firms in order to raise their own profitability cannot, when all is said and done, lower the economy-wide equilibrium (i.e., uniform) rate of profit.

To understand more fully the importance of simultaneous valuation to this physicalist result, it helps to think about how prices changes affect the rate of profit.  Marx (1981:332-38, 373-74) discussed this, in effect providing an alternative way of stating his law of the falling rate of profit.  The determination of value by labor-time implies that productivity increases cause a fall in commodities’ per-unit values and, ceteris paribus, their prices.  The falling prices tend to depress profitability.  They offset the increase in physical output per worker, so sales renenue tends not to rise.  Productivity increases per se thus fail to raise the rate of profit, and the larger capital investments per worker that generate the productivity increases tend to lower it.

Marx’s notion that price reductions have a depressing effect on profitability is not his alone.  The notion is an intuitively plausible one and it is widely accepted.  But it is precisely this notion which disappears under simultaneous valuation.  As we saw earlier, simultaneous valuation turns the price level into an irrelevancy.  This is the whole secret behind the apparent ability of simultaneist models to refute Marx’s law of the falling rate of profit.  

That fact has often not been appreciated, but Bortkiewicz recognized it clearly.  After claiming to have “refute[d]” Marx’s law by means of a mathematical model, Bortkiewicz (1952:40) explained Marx’s “error” as follows:  “it is wrong to connect a change in the rate of profit with a change in prices, since, as can be seen from our formulae, the potential price movements affect the capitalist’s product to the same degree as they do his outlay.”  Once input prices are equated to output prices, in other words, an x% decline in prices not only causes total revenue to fall by x%; it also causes total cost (or outlays) to fall by x%, and the decline in prices thus fails to exert a depressing effect on the rate of profit.  

Bortkiewicz cannot be said to have proved his point, however.  His argument appeals to no empirical evidence but only to properties of his simultaneist formulae.  This disturbing tendency to present properties of theoretical constructions as if they were proven facts about the real world is rather common among physicalist authors and indeed among economists generally.  Yet it is particularly ironic in this case since, earlier in the same paper, Bortkiewicz (1952:13) had charged Marx with having done the same thing:  it is “characteristic of the author of Das Kapital … [to] hold the nature of the object to which his theoretical construction refers, responsible for the inner contradictions afflicting this construction.”

Marx was neither the first nor the last to conclude that the rate of profit has a tendency to fall.  This conclusion has always been far more popular than his particular explanation of why it does so, and far more popular than the value theory underlying that explanation.  Thus, beginning in the 1970s, numerous authors have derived a falling rate of profit by means of the same simultaneist-physicalist model that Okishio and others employed in order to “refute” Marx’s law.  Although these works have often been billed as defenses of Marx’s law, this is not the case. A law is not a statement that something will happen, but a principle that accounts for the fact that it happens.  Whatever may be the merits of such works, they simply do not vindicate the logical cogency of Marx’s principle.

The authors of these works obtain a falling rate of profit by discarding one or another of the features of Okishio’s model.  But they all retain simultaneous valuation, and therefore their common element is the fact that the rate of profit which falls is the physicalist or  “material rate of profit” (Ernst 1982).  What this means, roughly speaking, is that the percentage excess of physical output over physical input falls, where workers’ real wages are included among the inputs.  

Several works (Laibman 1982, Foley 1986, Lipietz 1986) discard Okishio’s assumption of a constant real wage rate. If instead it is the rate of exploitation that is held constant,
 the material rate can fall, but only if “capital productivity” also falls; i.e., only if means of production yield less output.  The idea is counterintuitive and contrary to the findings of most emepirical studies, but authors of these works have defended it.  It is something they must defend in order to vindicate “Marx’s” law on physicalist grounds.  This is another example of the phenomenon to which I pointed earlier –– the domination of theorists’ tools over their views.

Another argument (Alberro and Persky 1981) suggests that the rate of profit falls when means of production become obsolescent and are scrapped prematurely.  Here again, it is because the means of production fail to generate enough output –– they generate no output once they are scrapped –– that the material rate of profit falls.  

Shaikh (1978) and Takeshi Nakatani (1979) argue that firms must adopt the techniques that allow them to survive in an atmosphere of cutthroat competition, and not, as Okishio had assumed, the techniques that would be most profitable in a more tranquil atmosphere.  Just as in the two cases above, the techniques that capitalisats adopt end up lowering the excess of physical output over physical input –– the material rate of profit.  

Okishio’s theorem also assumes a uniform rate of profit.  It may be thought that the relaxation of this assumption undermines the physicalist implications of his theorem, since supposedly “anything can happen” in the absence of uniform profitability.  Farjoun and Machover studied this possibility very carefully, but came to the contrary result.  The distribution of rates of profit is subject to definite laws (Farjoun and Machover 1983:17-19, 169-71).  Since by rates of rates of profit they meant material rates, Farjoun and Machover (1983:171) concluded that “The conituned viability of capitalism … will depend on the ability of continual innovation in the methods of production to keep pace with the merely quantitative expansion of the economy.”  Whether or not the rate of profit is uniform or not, in other words, the physical quantities approach implies that technological progress boosts profitability.

By now it should come as no surprise that it is possible to vindicate the logic of Marx’s own law of the falling rate of profit by repudiating the physicalist model.  Nor should it be surprising that to do so, one simply needs to eschew simultaneous valuation and thereby permit price reductions to lower the rate of profit.  Proponents of the temporal single-system interpretation of Marx’s value theory have done precisely that.  Ernst (1982) was the first to point to the possibility that a continuing series of price reductions could lower the actual rate of profit even as the material rate rises.  Kliman (1988) later vindicated Marx’s law by showing that such a series of price reductions can be generated under the assumption that value is determined by labor-time.  Similar refutations have since been produced by Freeman (1996) and Ramos (1997).  The logical cogency of the temporalist countercritique has belatedly begun to be acknowledged by some erstwhile physicalist theorists.
 

4. The Transformation Non-Problem

In Marx’s theory, a product’s value is determined by the labor-time needed to reproduce it.  But for a variety of reasons, including the tendency of profit rates to become equalized throughout the economy, the price a firm receives for its product differs from the product’s actual value.  This fact seems to make the determination of value by labor-time a meaningless notion.  Yet in Ch. 5 of Volume I of Capital, Marx argued that exchanges at prices that differ from values could not alter the total amount of value in existence.  This implies that the determination of value by labor-time holds as a law that governs  the aggregate economy.  No additional value and thus no additional profit can arise in the market.

In Ch. 9 of  Volume III, Marx in effect employed the same argument in order to illustrate how total value would be conserved under the assumption of a uniform rate of profit.  Values are “transformed” into production prices –– that is, values take on a different form of appearance, but the change is a change of form alone, not a change in substance.  Commodities’ production prices, the prices associated with a uniform rate of profit, differ from the commodities’ actual values, but the total sum of value produced prior to the commodities’ entry into the market is simply distributed differently.  The sum of prices equals the sum of values.  It follows from this both that the sum of profit equals the sum of surplus-value and that the level of the rate of profit is left unaffected.  Once again, the determination of value by labor-time holds in the aggregate.  

This illustration, just like Marx’s law of the falling rate of profit, has been subjected to an unrelenting critique ever since it appeared.  One of the most famous critiques is that of Eugen von Böhm-Bawerk (1984:32-38).  According to Böhm-Bawerk, a value theory can have only one purpose, that of accounting for actual prices; more precisely, for the ratios at which goods actually exchange.  In Volume III, Marx had now conceded that the value theory developed in Volume I failed to do so –– and that was that.  Thus, although Böhm-Bawerk accepted that Marx’s aggregate equalities were, formally speaking, correct, he rejected them as meaningless.  Since values and prices are simply ratios in which one commodity exchanges for another, the value of the “whole aggregate national produce” is an absurd notion (Böhm-Bawerk 1984:35).   

Although nonspecialists have frequently taken this argument as a conclusive disproof of Marx’s value theory, few who have studied the matter accept it.  Indeed, no one who accepts that the Gross Domestic Product is a meaningful notion could accept it.  

Among specialists, it is instead the simultaneist critique that has been regarded almost universally as having provided irrefutable proof that Marx’s account of the transformation was internally inconsistent.  The term “internal inconsistency” is important here:  unlike Böhm-Bawerk’s objection, the simultaneist critique is an internal one.  It attempts to show that Marx’s conclusions fail to follow from his own theoretical premises.

Bortkiewicz was traditionally credited as having initiated this latter critique in 1906-07.  Yet Wolfgang Mühlpfort (2000) was actually first to make it, in 1895, only a year after the publication of Volume III of Capital.  Two years later, but nine years before Bortkiewicz, J. V. Komorzynsky (1897) advanced the same critique.  Mühlpfort’s formulation of Marx’s “error” was the clearest of the three.  Marx had computed both the values and the prices of commodities on the basis of the value of the capital invested in each branch of production.  However, Mühlpfort (2000, emphases added) objected,   

Doesn’t the price of capital, the cost-price, deviate from the value of capital just as the price of a commodity deviates [from its value]?  The question must be answered in the affirmative.  … Capitals I to V cannot represent the labour values that are actually contained therein, consequently … the recorded ‘deviations of price from value’ are not correct.

It should be noted that Mühlpfort’s interpretation of Marx’s “error” differs somewhat from Bortkiewicz’s.  Both of them, and Komorzynsky, objected to Marx’s having begun from the value of capital rather than the so-called “price” of capital.  Yet Mühlpfort argues that Marx’s values of capital were actually “prices” of capital, so that Marx in fact failed to account for the transformation of values into prices.  Bortkiewicz, on the other hand, interpreted Marx’s values of capital as values of the means of production.  Because prices deviate from values, Bortkiewicz held, this starting-point was the wrong one; Marx should have started from the “prices” of capital (i.e., of means of production). 

In any case, Bortkiewicz was indeed the first –– and only –– author who tried to prove that Marx’s starting-point was not just wrong, but also internally inconsistent.  I note again that the difference is a crucial one:  if one thinks a theory is wrong, one rejects it, but if one proves that it is internally inconsistent, then even the person who advanced the theory must reject it.  S/he is not entitled to hold to it any longer.

Unless this difference is recognized, it becomes impossible to understand Bortkiewicz’s argument.  It is well known that he claimed to have proved that one needs to “transform input prices” as well as output prices, i.e., to determine the “prices” of capital simultaneously with the prices of outputs.  Yet during the last few decades this claim has been almost universally misunderstood.  It has been regarded as a conceptual objection to Marx’s starting-point, a claim that it is conceptually incoherent to have inputs valued at one set of prices (value-prices) but output valued at another set of prices (production prices).   If that had been Bortkiewicz’s critique, it would simply have been preposterous –– in the real world, after all, input and output prices do differ.  

His actual objection was an economic one, and far more serious.  If Bortkiewicz’s proof were valid, I would indeed regard it as proof of genuine internal inconsistency.  Even those who would argue that nonsimultaneous valuation is conceptually coherent would have to concede that Marx’s nonsimultaneous account of the transformation must be rejected on economic grounds.  


Bortkiewicz (1952: 6-9) began his attempted proof by assuming that inputs are bought at values and that simple reproduction (zero growth) prevails.  He then claimed to prove that Marx’s own transformation procedure, in which input prices (value-prices) differ from output prices (production prices), leads to a disruption of the reproduction process.  According to Bortkiewicz, what was internally inconsistent was not the inequality of input and output prices, but the arbitrary disruption of reproduction, caused by nothing other than Marx’s theoretical construction.  Simultaneous valuation was needed in order to correct that problem.


To understand Bortkiewicz’s allegation better, consider the following table.





Constant
Variable
Surplus-
Output
Avg.
Output
Rates of Profit

Period
Dept.
Revenue (m)
Capital

(c)
Capital

(v)
Value

(s)
Value

(c+v+s)
Profit

(p)
Price

(c+v+p)
Value

s/(c+v)
Price

p/(c+v)

1
I

140
36
24
200
44
220
13.6%
25.0%


II

40
48
32
120
22
110
36.4%
25.0%


III

20
36
24
80
14
70
42.9%
25.0%


Total

200
120
80
400
80
400
25.0%
25.0%













2
I
33
154
33
27
214
51
238
14.4%
27.3%


II
22
44
44
36
124
24
112
40.9%
27.3%


III
15
22
33
27
82
15
70
49.1%
27.3%


Total
70
220
110
90
420
90
420
27.3%
27.3%

The table illustrates Marx’s own, nonsimultaneous value-price transformation in the context of simple reproduction.  The three departments produce the material elements of constant capital (means of production), the material elements of variable capital (means of subsistence), and luxury goods, respectively.  Period 1’s inputs are bought at their values.   Bortkiewicz held that simple reproduction could not occur unless the outputs also sell at values.  If, for instance, Department I’s output were priced at Marx’s production price, 220, some would go unsold, since purchases of constant capital only total 200.  


A related paper contains a slightly different version of this proof.  Unless input prices equal output prices, Bortkiewicz (1984:212-13) claimed, each department’s sales and purchases will fail to coincide.  If exchanges took place at Marx’s prices, Department I would sell means of production to the other departments priced at 60 (IIc + IIIc) but buy wage goods and luxury goods from them priced at 80 (Iv + Ip).  Department II’s sales of 72 (Iv + IIIv) and purchases of 62 (IIc + IIp), and Department III’s sales of 66 (Ip + IIp) and purchases of 56 (IIIc + IIIv) would also fail to match.


If the second proof had been valid, it would have demonstrated the internal inconsistency of Marx’s procedure even more conclusively than the first one.  Marx had assumed a uniform rate of profit, but if certain departments’ capitalists could not sell all their output, the rate of profit would not really be uniform.  Their profit rates would be lower.  Although only by accident is the rate of profit uniform, and Marx’s theory does not require that it be uniform, these facts have no bearing on the cogency of Bortkiewicz’s proof.  Even one example of self-contradiction is sufficient to refute a general result.


But neither version of his proof is valid.  Although simple reproduction and uniform profitability do require that sales equal purchases, they can be equal even if the input and output prices of period 1 are unequal.  Since the outputs of one period are the inputs of the next, the equality of sales and purchases merely requires that the output prices of period 1 equal the input prices of period 2. 


Once this is understood, Bortkiewicz’s proof falls apart immediately, as was first demonstrated in Kliman and McGlone (1988).  In the table above, all physical quantities are the same in periods 1 and 2, but the value figures change between periods because the price of means of production has risen from 200 to 220 and the price of means of subsistence has fallen from 120 to 110.  After advancing sums of value (c and v) sufficient to obtain the same inputs at the changed prices of period 2, capitalists have residual proceeds (which Marx calls revenue, m) left over from the sale of period 1’s outputs, which they spend on luxury goods.  The whole social product is bought and sold at the new, changed prices.  Production can thus resume on the same scale and in the same proportions.  This refutes the first version of Bortkiewicz’s proof.  Moreover, Department I’s sales (IIc + IIIc) and purchases (Iv + Im) both total 66, as do Department II’s sales (Iv + IIIv) and purchases (IIc + IIm).  Department III’s sales (Im + IIm) and purchases (IIIc + IIIv) both total 55.  This refutes the second version.


The key point, again, is that equality of input and output prices is not necessary for reproduction or market-clearing to take place.  One period’s output prices are the next period's input prices, so if the physical amounts each industry supplies to the others is matched by an equal demand on their parts, then the monetary balance follows automatically, however prices may have changed over the production period.

5.   If It Ain’t Broke, Don’t Correct It
Bortkiewicz went on to alter Marx’s procedure by pricing inputs and outputs simultaneously.  He called this a “correction” (Bortkiewicz 1984), as has almost the entire secondary literature, but the term is misleading in the extreme.  As we have seen, Marx’s own procedure needs no correction.  Moreover, Bortkiewicz’s model did not correct Marx’s procedure in the sense of affirming his conclusions by more acceptable means.  It negated several key ones.  The reason it did so should be clear by now:  simultaneous valuation makes technology and real wages the sole determinants of prices and profitability and it is therefore incompatible with the determination of value by labor-time.  

It is not entirely clear whether Bortkiewicz recognized that simultaneous valuation made value irrelevant –– this property of the model would not play a major role in the debate until the 1970s.  He was, however, well aware that it enabled him to “refute” Marx’s law of the falling rate of profit.  He also recognized that it implied something I mentioned above, in connection with Dmitriev:  production conditions in luxury industries do not affect the (uniform) rate of profit.  This was a thesis of Ricardo’s that Marx had denied.
  

Bortkiewicz was also acutely aware that his simultaneist conception of value determination diverged markedly from Marx’s.  This is an important piece of knowledge that has gotten lost over the decades.  As Bortkiewicz-style models came to be standard tools of “Marxian economics,” it became natural to think of their properties as properties of Marx’s value theory and to seek textual justification for their Marxian heritage.  Moreover, input-output techniques became a popular tool of economists, ready and waiting for “Marxian economists” to apply them to problems of value determination –– but to do so, they had to compute their values and production prices simultaneously.  It was in this environment that there arose the nearly ubiquitous interpretation that Marx’s own value theory was simultaneist (if not indeed physicalist as well).

I believe Bortkiewicz saw the truth much more clearly.  He vigorously attacked what he called Marx’s “successivist” conception of determination, in which economic factors are “regarded as a kind of causal chain, in which each link is determined, in its composition and its magnitude, only by the preceding links.”  Against this, Bortkiewicz hailed the “school led by Léon Walras” for propagating a more “realist[ic]” view of economic relations, in which “the various economic factors or elements condition each other mutually” (Bortkiewicz 1952:24). Although Bortkiewicz used the terms successivist and mutual, not the now more common terms temporalist and simultaneous, the opposition is the same.

The “school led by Léon Walras” is now the dominant one.  A somewhat more developed 

version of Walras’ general equilibrium model is the foundation of modern orthodox (neoclassical) economics.  Walras’ own general equilibrium model and most subsequent ones have been simultaneist, though temporal versions have also been formulated in recent decades.  Through the mediation of Bortkiewicz, Dmitriev, and others, moreover, Walras’ model has likewise become the foundation of Sraffianism and most of “Marxian economics.”  Although he criticized Walras’ interpretation of Ricardo, Dmitriev’s profit theory relies extensively on the “technical coefficients” that underpin Walras’ general equilibrium theory.  The link between Walras and Bortkiewicz is even clearer.  Bortkiewicz praised Walras not only in the passage quoted above, but also in a letter, written twenty years earlier (when Bortkiewicz was nineteen), that initiated their extensive correspondence:  “Your writings, sir, have awakened in me a lively interest in the application of mathematics to political economy, and has [sic] pointed out to me the road to travel in my researches into the methodology of economic science” (quoted in Freeman and Carchedi 1996:xx, n11; cf. xiii).  

There is one difference between Marx’s transformation procedure and Bortkiewicz’s “correction” that is not –– strictly speaking –– the result of the simultaneist character of the latter.  I am referring to the fact that Marx’s aggregate equalities do not hold under Bortkiewicz’s procedure.  Because his equations do not yield a solution for the absolute level of prices, one can set the price level in such a manner that total profit equals total surplus-value (which was Bortkiewicz’s choice), or total price equals total value, but not both.  In either case, the “price” rate of profit” deviates from the “value” rate of profit.  

These aggregate deviations are the result of Bortkiewicz’s (and almost all subsequent authors’) interpretation of the value of constant and variable capital in Marx’s illustration as the values of means of production and subsistence.  Because the latter differ from the prices of means of production and subsistence, this interpretation implies that the “price” of capital deviates from the “value” of capital.  It is this deviation that leads to the negation of Marx’s aggregate equalities.  If one instead understands “value of capital” to mean the sum of value invested for the purchase of means of production and subsistence, a sum of value that depends on the prices at which they are purchased and not their values, then all of Marx’s equalities do hold.  This has been shown to be true even when input and output prices do happen to be equal (see, e.g., Wolff, Roberts, and Callari 1982, Lee 1993, Moseley 1993, Ramos and Rodriguez 1996).  Hence the aggregate deviations that Bortkiewicz obtained do not, strictly speaking, result from the simultaneism of his “correction.”  

 It is nonetheless the case that Bortkiewicz’s simultaneism played an important role in his splitting of values and prices into two systems between which the aggregate equalities do not hold.
  Assume for the sake of argument that Marx’s transformation procedure did proceed, as Bortkiewicz thought, from the values of physical inputs to the production prices of outputs.  If input and output prices need not be equal, there is nothing objectionable about such a procedure.  It was only Bortkiewicz’s “proof” that simultaneous valuation is necessary that made it objectionable.  Hence, it was only this “proof” that legitimized his “transformation” of the value of capital into the “price” of capital and the consequent negation of Marx’s aggregate equalities. 

Put differently, although simultaneous valuation is not sufficient to negate the equalities, it is necessary.

6.  The Transformation of Physical Quantities into Values and Prices

During the next 60 years, particularly after Sweezy brought Bortkiewicz’s work to the attention of the English-speaking world, several authors generalized his model in a variety of ways.  The most notable of these works are those by May (1949-50), who first presented the “transformation problem” in explicitly physicalist terms, using technical coefficients rather than values as his data, and Seton (1957), who generalized the input-output framework to an indefinite number of sectors.  

Yet the whole topic did not engage the interest, much less the passions, of more than a handful of “transformation problem” buffs.  Matters were different in the early 1970s.  Many Ph.D. students and junior professors of economics had become radicalized, and the call for a “radical economics” was in the air.  The global economic crisis that erupted shortly thereafter further weakened confidence in the existing order of things.  As Desai (1988:316) and Howard and King (1992:268) have noted, it was due to this atmosphere that a paper on the “transformation problem” by Samuelson (1971) touched off a new and heated debate.  

Samuelson (1971) was given a National Science Foundation grant and 33 pages in the most widely read journal of economics in order to state his view.  Given that he was a neoclassicist theoretically and a liberal (in the American sense) politically, it is not surprising that he vigorously championed Bortkiewicz’s critique of Marx as well as his “correction.”  What was, or at least should have been, surprising was that Samuelson’s purpose was not to steer his readers away from radical economics or even from the theory that profit arises from exploitation.  His purpose was instead “to demonstrate that anyone who believes in the relevance [of that theory …] will do better to jettison as unnecessary and obfuscating to his own theory the letter of Volume I’s analysis of inter-industry values” (Samuelson 1971:414-15).  To formulate their own theory rigorously, they need to adopt “the tools of bourgeois economics (i.e., of simple general equilibrium pricing)” (Samuelson 1971:405, emphasis added).  Samuelson did not explain why he cared whether a theory he rejected was formulated rigorously.  One possibility is that he suspected that tools would have to dominate over views in the end.  

It was this article that first made a wide readership aware that the simultaneist reconstruction of Marx’s transformation procedure does not derive prices from values.  Instead, prices and values are both derived from a third thing –– physical data (Samuelson 1971:417-18, 426-28).  Six years later, Steedman hammered home the same point.  Again and again he emphasized that value becomes irrelevant under the physical quantities approach:  “physical quantities … suffice to determine the rate of profit (and the associated prices of production) ….  [I]t follows that value magnitudes are, at best, redundant in the determination of the rate of profit (and prices of production)” (Steedman 1977:202).  Quantitative value analysis is a fruitless endeavor.

  These works set off a fierce debate.  But the arguments put forth in response were very weak.  Even though values are redundant once physical quantities are given, it was argued, they exert their influence by determining the physical data (Wright 1981), or by setting limits to movements in the rate of profit (Shaikh 1982).  This was all just wishful thinking.  Unless they challenged the simultaneist algebra that generated the physicalist conclusions, the proponents of value analysis could not prevail.  They did not challenge it.  They did not prevail.

Equally if not more damaging was a demonstration by Morishima (1973, Ch. 14), which  Steedman (1977, Ch. 11) played to the hilt.  When joint products (roughly, multiple outputs resulting from a single production process) are produced, simultaneous determination implies that values and surplus-value may be negative although prices and profits are positive.  This is why, in the passage quoted above, Steedman stated that value magnitudes are “at best, redundant”:  at worst, they are downright meaningless.  Morishima and Steedman both proposed a way of circumventing this problem, but it required that values not be defined in an “additive” manner (as the sum of value transferred plus value added).  Few “Marxist economists” were willing to accept this solution.  Quite a few of them argued that Morishima’s results were due to the improper manner in which he had aggregated individual values into social values.  

The peculiar aspect of this controversy is that people seemed to be troubled only by the coexistence of negative value magnitudes with positive prices and profits.  No one seemed to be troubled by the notion of negative values as such.  As I noted above, simultaneous valuation yields negative values, even in the absence of joint production, whenever physical output falls short of physical input.  This paradox did not lead theorists to question the idea that Marx’s values were determined simultaneously.  Nor did some other problems that arise when negative net outputs are valued simultaneously lead them to question it.
  

Such problems led them instead to restrict the domain of analysis to cases in which net output is positive.  The ostensible justifications for this restriction are that economies must be able to reproduce themselves, and that we should follow Marx by trying to understand the reproduction of the capitalist system.  I would suggest, however, that the underlying purpose of the restriction is simply to expunge the perverse cases, and that we once again have a case in which the tool dominates over the view.  The desire to make simultaneous valuation “work,” in other words, has come to dictate which situations are deemed acceptable to analyze and which are not. 

7.  Exploitation and Profit

“Marxist economists” have generally not been particularly troubled by the fact that their simultaneist models are incompatible with Marx’s law of the falling rate of profit and some other value-theoretic conclusions he drew.  Many of them have indeed been troubled, however, by the inability of the Bortkiewiczian reconstruction of Marx’s transformation procedure to obtain his aggregate equalities.  The most likely explanation of this difference is that they have generally cared more about the proposition that profit arises from exploitation than about Marx’s views that value is determined by labor-time or that capitalism is a crisis-ridden and transitory system.  Many of them have indeed been willing if not eager to jettison these latter dimensions of his work.  It is in any case a fact that a disproportionate amount of effort has gone into attempts to reclaim the aggregate equalities, or to vindicate the exploitation theory of profit by other means.

The equalities cannot all hold under the Bortkiewiczian dual-system reconstruction.  A choice must be made.  Numerous papers have been written that privilege an equality different from the one Bortkiewicz chose.  The first paper of this genre was written by Moszkowska (1929), who chose to set total price equal to total value.  J. Winternitz’ (1948) better-known paper later made the same choice.  Ronald Meek (1956), followed by Laibman (1973-74) chose to equalize some price-value ratios, rather than aggregates, although the ratios cannot be made equal in the general case.  Similarly, Medio (1972) obtained all of the equalities, but only for an imaginary case, a Sraffian “standard economy,” and Naples (1989) obtained them all only by jettisoning the very basis of Marx’s transformation, the assumption of a uniform rate of profit.  Works of this type continue to be written.

 Shaikh (1977) took a different tack, arguing that Marx’s own procedure was merely incomplete, not incorrect.  Beginning from values and iterating his procedure, one could arrive at the “’correct’,” i.e., simultaneist, solution.  This work was quite popular in its time, even though such “iterative solutions” had been around since Charasoff (1910), and even though their end result –– which is all that really matters –– was Bortkiewicz’s, not Marx’s.  Shaikh himself evidently recognized this problem.  In the same paper and in subsequent ones, he tried to show that the equality of profit and surplus-value, an equality he did not obtain, is not a necessary implication of the principle that value is determined by labor-time.  Somewhat later, he also initiated a literature that tries to defend the “labor theory of value” empirically, i.e., without grappling with the conceptual incompatibility between it and physicalism, by arguing that prices and values are highly correlated (Shaikh 1984).
   

In light of the apparent strength of the physicalist critique and weakness of such defenses, many “Marxist economists” decided to throw in the towel.  Beginning in the mid-late 1970s, some embraced Sraffianism.  Others surrendered to it the terrain of quantitive price and value determination, abandoning Marx’s “quantitive” theory while attempting to preserve the insights of his “qualitative” one.  Works such as Himmelweit and Mohun (1981) and de Vroey (1982) were among the first to suggest that the purpose of value theory, as distinct from price theory, was to conceptualize how markets give rise to “abstract labor” and the “value form.”  

 One defense of the quantitative importance of value has generally been regarded as a very sturdy, if rather limited, one.  It is a theorem, first discovered by Charasoff and later rediscovered by Okishio (1993), that Morishima (1973:53) –– who has sometimes been credited with having discovered it –– dubbed the “Fundamental Marxian Theorem.”  It states that, under certain conditions, surplus-labor is necessary and sufficient for the existence of profit.  The theorem has a tremendous appeal to some, because it suggests that Marx’s aggregate equalities are unimportant.  Even though they fail to hold under the simultaneist “correction” of his transformation procedure, it matters not:  surplus-labor remains the sole source of profit, and that is the point that is really at issue.  

I, too, would regard this as a persuasive argument if the “certain conditions” under which the theorem holds were generally applicable ones.  They are not.  One version of the theorem holds only if rates of profit are precisely equal in every period, no matter how short one takes a “period” to be.  Kliman (2001) demonstrates that the other version holds only if physical surpluses of every good are positive in every “period.” 

During the last twenty years, a few new interpretations have been developed that may seem at first to be yet another series of attempts to obtain all of Marx’s aggregate equalities. The real motivation behind them, however, is to re-examine the meaning of Marx’s value categories instead of accepting the meanings handed down from Bortkiewicz.  The rather popular “New Interpretation” (Foley 1982, Duménil 1983) interprets the “value of labor-power” as the sum of value workers receive as wages rather than the value of their means of subsistence.  It follows that total profit equals total surplus-value and that the price of net output equals its value. Marx’s equality of total price and total value still does not hold, however.  “New Interpretation” authors have attempted to justify this discrepancy textually, but evidently no textual evidence exists that would allow them to justify another discrepancy, the deviation of the “price” rate of profit from the “value” rate.  

The less well known “single-system” interpretations, which hold that the value of capital is the sum of value invested for the purchase of inputs, not the inputs own values, have reconceived matters more successfully.  They obtain of all the aggregate equalities.  Nonetheless, the simultaneist variant of this interpretation (Wolff, Roberts, and Callari 1982, Lee 1993, Moseley 1993), precisely because it is simultaneist, cannot vindicate Marx’s law of the falling profit rate or other aspects of his value theory that have been deemed incoherent.  As Kliman (2001) also shows, these interpretations as well as the New Interpretation imply that surplus-labor is neither necessary nor sufficient for profit to exist unless the net output of all goods is always positive or all profit rates are aways equal.  

The other variant of the single-system interpretation, the temporal single-system interpretation, is subject to none of these defects.
  Since the only formal difference between it and the other variant of the single-system interpretation is the difference between temporal and simultaneous determination, it is that difference which accounts for their contrasting implications. 

8.  Conclusion

I hope I have done my job well, but not too well.  If I have done it well, I have presented a cogent argument that the dominant physicalist approach to Marx’s value theory is in fact an alternative theory.  It is neither a more rigorous formulation of the original nor a necessary corrective to its internal inconsistencies.  

If I have done my job too well, however, I have made the physicalist interpretation seem ridiculous.  One might then suspect that I have neglected to mention some more serious defects of Marx’s original theory, defects that do require that it be reconstructed along physicalist lines.  Or perhaps I have constructed a straw man version of the physicalist interpretation.  It surely cannot be the case that generations of theorists have all thought that an interpretation that fares as poorly as the one I have presented is an adequate interpretation.

With regard to the first point, I can only reply that I know of no defects that the physicalist model is held to correct other than those I have surveyed.  With regard to the second, my answer is that the primary goal of physicalist interpretations has rarely been to understand Marx’s value theory in its own terms.  

Frequently the stated goal has been to effect a synthesis between the “labor theory of value” and something else –– Austrian economics (Mühlpfort), Walrasian economics (Dmitriev and Bortkiewicz), the von Neumann model (Morishima), etc.  Others have sought to discard the Hegelian character of Marx’s theory and, by translating his ideas into the idiom of mainstream economics, help them gain a greater degree of understanding and perhaps acceptance.  Some have sought simply to use the tools of their profession to address the same questions that Marx addressed (not to give the same answers).  Other motivations have obviously been at work as well.   It is far from clear that physicalist authors have fared poorly in carrying out their own goals. 

If others wish to pursue them, I have no objection.  Yet the label on the bottle should match the contents inside.  Approaches to Marx of the kinds I have just mentioned are not really interpretations of Marx’s own work, and they should not be labeled as such.  Nor should one’s disagreement with other theorists be characterized as their internal inconsistency, especially because this implies that they are not entitled to their theories. 
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Notes

� Dobb, a leading theoretician of Britain’s Communist Party, was a close colleague of Sraffa’s at Cambridge, and assisted him in the issuance of David Ricardo’s collected works.





�  Actually, the machines might not be worth anything at all.  If they are not, total cost and total revenue both equal zero, and the rate of profit is 0/0.  It is undefined, not positive as Dmitriev claimed to have shown.  By assuming that the machines have a positive price in the absence of human labor, he in effect also assumed rather than proved that profit could exist in this case.  He begged the question.





� I am abstracting from purely nominal increases in the price of the machines’ price above their value.


 


� In the general case, in which workers’ real wages are included among the inputs, the distribution of income and technology are the two determinants of the rate of profit.





� There is one way of circumventing this problem, but it leads to the equally bizarre result that the machines have a negative value.  If the per-unit value of both input and output machines is V, and the value added by living labor is L, then, expressing the total value of output as the value transferred from the inputs plus the value added, we have 9V = 10V + L.  Solving for V, we find that the per-unit value of machines is V  = – L.  If the machines’ value is positive, then value added is negative, while if value added is positive, then the machines’ value is negative.





� This is what Marx assumed provisionally, in his initial formulation of the law of the falling rate of profit. As we have seen, however, the law does not require that assumption.





� See the symposium papers in Research in Political Economy 18:  Freeman and Kliman (2000), Foley (2000), Laibman (2000), and Kliman and Freeman (2000).





� The preceding discussion of Bortkiewicz’s procedure has been adapted from a passage in Kliman and McGlone (1999:56-57).





� Once simultaneous valuation is discarded, the average rate of profit is a weighted average of the profit rates of all industries.  Production conditions in luxury industries do affect it.





�  The approach of Bortkiewicz (and of those who have followed his lead, which is almost everyone), is a “dual-system” approach for the following reason.  Not only do the prices and values of outputs differ, so do the prices and values of “capital” (i.e., physical inputs).  Since everything is determined simultaneously, it follows that input and output values are determined by physical coefficients in one system of equations, and input and output prices are determined (in a somewhat different way) by the same physical coefficients in a separate system of equations.





� I will discuss an additional case in the next section.





� Kliman (2001?, forthcoming) finds no empirical support for this claim once the “spurious correlation” that generates such results is removed.





� In Freeman and Carchedi (eds.) 1996, the terms “sequential” and “nondualist” are used instead of temporal and single-system.  This collection contains temporal single-system contributions by Carchedi, de Haan, Freeman, Kliman, and McGlone, as well as numerous citations to prior research in this interpretation.
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