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                                                   Book Review
Economics of Space and Time: Scientific Papers of Tönu Puu, edited by Åke E. Andersson, Martin J. Beckmann, Karl-Gustaf Löfgren, and Anders Stenberg.  Springer-Verlag, Berlin Heidelberg, 1997, xvii + 265 pages, bibliography of complete works, no index, US $ 89.95.

                [November, 1999, Discrete Dynamics in Nature and Society, forthcoming]

     This volume contains 13 papers by Tönu Puu, Professor of Economics at the University of Umeå in Sweden, from over nearly a 30 year period, and was presented to him in honor of his 60th birthday.  It is in three parts: Microeconomics, Spatial Economics, and Philosophy of Science, although these labels do not fully describe the subjects covered by the papers within them.  The volume is a welcome addition in that, although parts of Professor Puu's distinguished oeuvre are known to various people, few outside his immediate Swedish colleagues and close collaborators are aware of the full scope of his intellectual endeavors and contributions.  Furthermore, several of the papers in this volume originally appeared in locations that are or were not widely read and thus have suffered unjust neglect.  Thus, this volume revives attention to forgotten papers, as well as providing a thoughtful selection and overview of Puu's work to the current period.  It also begins with informative and generous essays by three of the editors (Andersson, Beckmann, and Löfgren) about aspects of Puu's thought and career.  A vita of his activities and a more or less complete bibliography of his published work up to 1997 appears at the end, although this reviewer detected a few minor errors in that bibliography, including at least one mistitled article.

     Given that the contents of this volume constitute already published papers, it is not appropriate to review them one-by-one as newly published material.  Rather, I shall attempt to draw connections between the papers that may not be apparent to the casual reader, or even to the more careful reader.  This reviewer dares to think that some of these connections may not have even been perceived by the original author himself, although that may be a sign of imputing possible links that are not really there amidst a diverse collection of essays, of attempting to sew a thread that does not exist.  But that is what I shall attempt.  I note that much of Puu's more recent work appears in his Nonlinear Economic Dynamics, the third edition of which has already been reviewed in this venue (Lines, 1997), although he has since published a fourth edition of that work (Puu, 1997), with a fifth edition forthcoming.

     The first part of this volume contains five papers from the earlier period of Puu's career and which represent an area of his thought probably not well known to most readers of this journal.  The first, drawing on his award-winning Ph.D. dissertation, deals with the theory of investments, that is, capital theory, or what is increasingly called financial economics (and thus, the economics of time).  The next two deal with the peculiar topic of factor regressivity in the theory of production functions.  These are followed by one on aggregation problems associated with firm entry into competitive markets and one on the exhausting of natural resources when the quality of the natural resource varies. (The reviewer pauses here briefly to question Puu's "optimistic" conclusion in this paper that natural resources will not be exhausted.  This conclusion depends on capital stock being specific to extracting a particular resource, an assumption that does not hold generally for fisheries where the major capital equipment is a boat that can be used for fishing most species.)  Although this seems to be a rather diverse collection of topics, I shall argue that the first four contain certain common elements that link up with some of his later papers, which on first inspection seem to be much further removed from these earlier ones.

     The common theme is that of paradox generating aggregation problems and ultimately discontinuity.  The theme begins in the first paper, originally published in 1967, with his recognition (pp. 8-9) of the possibility of multiple internal rates of return for possible investments arising from "irregularity in the sequence of net revenues," leading to multiple solutions of the appropriate polynomial equations.  He recognizes that this phenomenon was understood at least as early as the work of Irving Fisher (1930), and the paper offers a way of overcoming such problems in evaluating possible investment projects by focusing on possible capital valuations.  

     The theme continues in the next two papers on factor regressivity, the application of the Slutskian division of changes in demand for goods into substitution and income effects to the theory of factor demands in production function theory.  Inferior goods exhibit a negative income effect as people buy less of them as their real income rises, which can lead to an upward-sloping demand curve if such an effect is stronger than the substitution effect.  A regressive factor is the supply-side equivalent of an inferior good on the demand side; assuming constant relative factor prices, less of the factor is used as output increases.  As Puu points out, this leads to the counterintuitive result that a rise in the price of such a factor will increase output by lowering the marginal cost curve with the profit-maximizing firm switching to factors more appropriate for large-scale production.  Although this basic result had been understood since the seminal work of John R. Hicks (1939), Puu provided a more thorough explanation of what is involved than had been previously offered.  

     What is curious is that nowhere does Puu identify the link between this paradox and the "irregularity" he discussed in the first paper in the volume, much less its link with the more general problem of aggregation.  This arises in the special case when one of the factors is capital with its peculiarly intertemporal nature.  More particularly, during the same period that Puu was writing these papers a fierce controversy raged over the generality of certain paradoxes involving the relationship between the capital-intensity of aggregate production functions and the price of capital, the so-called "Cambridge controversies in the theory of capital" (Harcourt, 1972).  At the heart of these controversies was the example of reswitching, the phenomenon whereby a change in the rate of profit could lead to a particular technique to appear, disappear, and then reappear as the most profitable one available.  The source of this paradox, as discussed by Piero Sraffa (1960), was none other than that irregularity of future streams of net revenues that Fisher had pinpointed as the source of the multiple internal rates of return that were problematic for the analysis of investments.  Sraffa and the other "critical Cantabridgians" saw this creating profound problems for the idea of an aggregate capital entering into an aggregate production function that would presumably explain the distribution of factor incomes in society, a critique that has never been satisfactorily answered, even as it has been largely ignored by most subsequent growth theorists.

      One reason why Puu may not have linked his discussion with this very noisy debate was that he posed the problem in a microeonomic context in which equilibrium changes as a result of a change in output as the centerpiece of the story.  However, most of the discussion of the Cambridge capital theory controversies and paradoxes centered upon comparisons of steady-state equilibria, with some participants claiming no relation with any possible examination of equilibrium adjustments of the sort that Puu concentrated on.  However, the Cambridge paradoxes such as reswitching and the associated capital-intensity reversal can be viewed as a way of understanding the possibility of capital being a regressive factor.

     The fourth paper in the volume deals with the issue of aggregation as firms enter a competitive industry.  This is ironically the problem emphasized in a slightly different form by the Cambridge critics who used the problem of irregular net revenue streams to show the possibility of regressivity of capital as a factor.  However, Puu's discussion does not deal with these matters and focuses on other aspects of the issue, deriving an envelope condition to resolve certain difficulties.  Thus, there is a thread of interest between this paper and the previous three, but not of method or specific concepts.  However, it must be noted that the problem of aggregation on both the supply and demand sides continues to be one of the most difficult to resolve 

in all of economic theory (Kirman, 1992).

     Labeled "Spatial Economics," the second part of the volume contains papers on topics familiar to many readers of this journal, especially those who were acquainted with this journal's predecessor, Socio-Spatial Dynamics.  The first of its five papers, on optimal road capital, derived the rule that road capital should be proportional to the square root of traffic, using vector field methods inspired by work of Martin Beckmann (1952) with whom Puu would later collaborate extensively.  Puu also noted in this paper its "conformability" with earlier work of his major professor, Tord Palander, who was much concerned with location and spatial theory, an interest Puu turned to beginning in the 1970s.  The use of vector fields led more generally to the study of nonlinear dynamics in spatial models with Puu becoming one of the most influential of those who would apply catastrophe theory to studying such systems.  The second and fourth papers in this section of the volume are excellent examples of these efforts and include his famous result that in a nonlinear regional system, square organization of land is structurally stable, in contrast to the classical linear location theory result that hexagonal patterns are optimal.  

     The third and fifth papers in this section show the development of Puu's more general interest in applying nonlinear dynamics to economics beyond the questions arising in spatial and regional models.  The third involves an application to multiplier-accelerator models, drawing on the nonlinear accelerator models of investment with floors and ceilings of Hicks (1950) and Goodwin (1951), although Puu ingeniously applies this model to the spatial context as well.  However, it does not show his later examination of chaotic dynamics in such models, which is more fully presented in his Nonlinear Economic Dynamics.  

     The fifth paper in the section has no direct spatial content but is the first in a series that study chaotic dynamics in monopoly pricing arising from the possibility of non-monotonic marginal revenue curves due to market segmentation (even as the demand curve is monotonically downwardly sloping throughout).  Puu cites Joan Robinson (1933) as the first economist to posit the possibility of a monopolist facing an upwardly sloping marginal revenue curve.  This becomes ironic when it is realized that Joan Robinson was one of the leading promulgators and purveyors of the Cambridge capital theory critique discussed above (Harcourt, 1972).  Thus, both Robinson and Puu were fascinated by similar paradoxes of non-monotonicity.  Curiously, just as the non-monotonicity in this case could lead to chaotic dynamics, so it turns out that the non-monotonicities implied by the capital theoretic paradoxes can lead to discontinuous dynamic patterns as can be shown using catastrophe theory (Rosser, 1983).  Thus, most of the results in the second section of this volume, both for the spatial models and the monopoly models, are permeated with concepts and themes that were present in the papers in the first part of the volume, although Puu himself does not make this connection.

     The final section of the book on "Philosophy of Science" contains three somewhat more diverse papers that are not so easily linked to the others by possible hidden threads, although the first presents graphical solutions to second-order difference equations for the multiplier-accelerator model, the earliest paper in the volume, having been published in 1963.  The second one is also fairly early, dating from 1967, the explicitly philosophical, "Some Reflections on the Relation between Economic Theory and Economic Reality."  Although it has few connections with the rest of his work, this paper caught the attention of Sir Karl Popper who cited it and some of its examples for many years.  Puu's ability to pinpoint curious and revealing cases in this paper is its clearest link with his larger body of work.

      The closing essay comes from his most recent line of research on development in art and science and their relation to economic development.  This essay draws very heavily on Puu's own knowledge and experience of baroque music, both as a maker of fine viole di gamba, as well as the founder and director of a highly respected baroque music festival.  Throughout, his awareness of paradox and surprise exhibit themselves as he notes how tangled and sometimes apparently backward-moving the path of "progress" can seem.  He closes with a disquisition on perfection and how in most mathematics and science it is essentially an illusion.  This follows well on his analysis of the problem of tuning in music and the impossibility of a general Pythagorean perfection.  At one point he refers to the dream of a perfect theory as being "like a Greek temple that spreads its perfect lines against a cloudless sky" (p. 252).  But even the allegedly perfect lines of the Parthenon are gently tapered in a subtly evocative manner.  Ultimately the end of the illusion of perfection in mathematics is seen in the limits imposed by Gödel's Theorem.  Truth and beauty inevitably involve imperfection.

     Although I declared this final essay to be disconnected from the earlier ones thematically, this is not completely true.  His emphasis on the significance of imperfection as a critical factor in the dynamics of civilization and economics is very consistent with the earlier searchings and investigations of Tönu Puu.  I may have overstated the case here, but it clearly can be argued that a certain fascination with paradox and apparent peculiarity runs through much of his scholarship in many areas, with certain central paradoxes tying together as a fascinating fabric across the topics and the years.  Out of these apparently dissonant ideas he has distilled deeper truths, just as he has found deeper beauty in the subtle dissonances that arise from the musical tuning systems of the Renaissance.  If this volume succeeds in nothing else, it reveals this aspect of the thought and career of Tönu Puu to the careful reader open to his often unfamiliar harmonies.
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