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	Foreword
John Mullahy

	 




Had Michael Grossman never conceived and written his seminal paper, “On the Concept of Health Capital and the Demand for Health,” it is unlikely that we—certainly economists, but in reality a much larger “we”—would understand the determinants and consequences of human health as well as we do today. Grossman’s paper, which has received to date more than five thousand Google Scholar–reported citations, may not have technically launched the field of health economics,1 but it certainly cemented the field’s standing and relevance as a science oriented toward understanding and improving people’s health. Indeed, only a rare student of health economics has not been exposed at some point in their training to “the Grossman model” of health developed in the paper, which appears as chapter 1 of this book.

Assembling Grossman’s most important work in this one volume and reissuing alongside it his classic monograph, The Demand for Health: A Theoretical and Empirical Investigation, is not only a fitting testimonial to him and the importance of his scholarly work, but also serves to guarantee that current and future scholars in this field will have ready access to the ideas of one of the finest minds—and finest people—in our discipline. There is considerable value added by the commentary Grossman provides in the introductions and afterwords to each of the book’s four main parts. This commentary situates Grossman’s collected work in larger contexts, debates, and literatures, thus providing solid contextual foundations for scholars pursuing these topics further in their own work, and for health policy analysts aiming to better understand the determinants of the health outcomes and behaviors in Grossman’s studies.

This book’s title, Determinants of Health, is well chosen. Health economists study a spectrum of topics, many of them focusing attention on features of health-care markets (providers, patients, insurance, technology, etc.). Even those economists who do target specifically health in their research often ask questions about the “consequences” side of the determinants–consequences ledger; for example, how does an individual’s health influence outcomes like their labor market behavior, family well-being, health-care utilization, and so on? While such inquiry is important, and while Grossman’s work does not ignore consequence-side concerns, Grossman’s efforts have been directed largely toward the determinants side of the spectrum. That is, his research seeks to understand how the choices people make determine how healthy they are, and how the structure of incentives, constraints, and resources confronting people determines such choices in the first place.

The book is organized into four parts that represent the impressive span of Grossman’s scholarly thinking and writing over roughly forty-five years. Each part’s introduction and afterword provide a more thoughtful perspective on Grossman’s work than I could ever hope to. Instead, I offer here brief commentary on three related themes of his work that have had significant impact on the field of health economics and beyond.

The first theme is the one addressed in chapter 1 of this book and in the accompanying reissued monograph, The Demand for Health. Here, Grossman extends in several directions the seminal work of his own mentor, Gary S. Becker, on human capital investment. He considers how people’s “health capital” might usefully be characterized as a special dimension of their overall human capital. People desire but cannot buy healthiness. Yet people make choices that are tantamount to investing in a stock of depreciating health capital from which healthiness flows. To a significant degree people are producers of their own health, and the investment choices they make can be health-enhancing ones (“healthy behaviors”) or health-reducing ones (“unhealthy behaviors”). In the author’s words, “consumers demand health, defined broadly to include illness-free days in a given year and life expectancy, and produce it with inputs of medical care services, diet, other market goods and services, and their own time. Hence, the demand for medical care and other health inputs is derived from the basic demand for health” (Grossman 2016).2

An often underappreciated feature of this framework is that health status or healthiness itself—as distinct from the health capital stocks that yield it—is properly characterized in time dimensions, e.g. “illness-free days in a given year.”3 Grossman imagines a fixed time budget (say 365 days in one year) within which the mutually exclusive time-use categories of time working, time engaged in other productive behaviors in the household, time investing in health—e.g. through the use of preventive medical care or exercise—and time spent unhealthy or dead account for all the time at someone’s disposal that year. Time that is not spent waylaid unhealthy or dead is time to be productively devoted to work, to household production, or to further investment in human capital, including health capital. Understanding how such time budgets are allocated is ultimately key in understanding the outcomes arising from people’s health production activities.

The second, related theme concerns the role of schooling in the production of health, explored in part 2 of this book. Grossman’s framework posits that the marginal productivity of the health-investment choices made by people is determined in part by their education. Such a framework is consistent with the strong population-level correlations that are typically observed between different measures of schooling attainment and of healthiness or health capital. As Grossman notes in the closing words of this book,


The positive relationship between more schooling and better health is one of the most fundamental ones in health economics. It is natural to explore complementarities between these two most important forms of human capital. Research that investigates the causal nature of the relationship and the mechanisms via which schooling influences health has played and should continue to play an extremely prominent role in the literature that explores the determinants of the health of the population from an economic perspective.



Strong correlations are one thing, but a great deal of Grossman’s work over the years has been dedicated to understanding causal roles of schooling in the production of health. As reasonable as a causal relationship running from schooling to health may sound, such mechanisms are both controversial and enormously challenging to establish empirically. For example, some economists have argued against a direct, causal relationship and in favor of some “third variable” that encourages individuals to invest in both their general human capital (through schooling) as well as their health capital, again consistent with the observed positive correlations. Over the years Grossman has dedicated considerable effort to understanding and advocating empirical strategies that might allow such debates to be adjudicated by data. Understanding the driving force behind such strong correlations is essential for policy-making purposes.

The third theme of Grossman’s work, explored in part four of this book, concerns the economics of healthy and unhealthy behaviors—that is, what determines the determinants. I suggest that at least two strands of this research are of particular interest for policy making. The first strand is Grossman’s work on unhealthy behaviors that are considered addictive, including tobacco, alcohol, and illicit drug use.4 The notion that even addictive behaviors may be responsive to economic incentives has been an area of some controversy. Grossman’s empirical work in this area has advanced understanding of such phenomena, and has suggested that thoughtfully structured public policies might be used to modify these harmful behaviors. The second strand is related: when officials consider such ostensibly beneficial public policies, it is imperative to appreciate that people will respond in many different ways, not all of which are ultimately health enhancing. Laws restricting access to some forms of illicit drugs might encourage substitution to other forms that could be more harmful; higher tobacco taxes might well result in lower tobacco use but also in higher caloric intake (see chapter 19); impeding access to nicotine delivery technologies (e.g., e-cigarettes) might encourage tobacco use or discourage its cessation; and so on. Policies intended to change incentives often—perhaps even typically—will have unintended, often unwelcome consequences. In fact, such unintended consequences are nothing more than people substituting some behaviors for others in light of changes to the incentives they face. While such outcomes may certainly be unintended and unwelcome, they should not be unanticipated if thoughtful economic analysis undergirds policy design in the first instance.5 Grossman’s afterword to part 4 offers a discussion of such issues that should be required reading for policy makers working in this field.

The bottom line of virtually all of the conceptual and empirical work appearing in this book is this: incentives, constraints, and resources—particularly human-capital resources—influence health-related decisions and outcomes. If policy makers deem it desirable to change people’s health-related behaviors or health outcomes, then thoughtful policy design that modifies incentives—and takes into account that unintended consequences will also follow—can affect behaviors and outcomes even if the behaviors are deeply entrenched. Whether such policy implementation is politically viable and, if so, whether it will get the incentives right is a vitally important yet altogether separate question, as is whether such change is socially desirable in the first place.

In closing—and particularly for readers who have not had the privilege of knowing him personally—I offer three brief reflections on Mike Grossman, the person. First, no one I know in the profession is a more dedicated, generous, and supportive mentor than Mike. As his former students will attest, this dedication—Mike’s personal investment in the human capital of the next generation of health economists—is lifelong and resolute. Second, Mike is a steadfastly positive, thoughtful person; he manages to find a nugget of good in virtually any manuscript, professional presentation, or scholar he is reviewing, whether or not others would always concur. Finally, despite his considerable professional accomplishments and assured long-term scholarly legacy, Mike is one of the most humble people I have ever known. “Conduct your affairs with humility, and you will be loved more than a giver of gifts,” Sirach 3:17 instructs. That, in a nutshell, is Mike Grossman.

NOTES

  1.  If asked to nominate a single paper, many economists would give this credit to Kenneth J. Arrow’s 1963 publication in the American Economic Review (Arrow 1963).

  2.  Grossman did not undertake empirical work on the health production framework in the 1972 Journal of Political Economy paper (see chapter 1), but did undertake empirical work in the Demand for Health monograph. I believe he would credit the work of Mark R. Rosenzweig and T. Paul Schultz (Rosenzweig and Schultz, 1983) as a major advance in recognizing many of the empirical challenges involved in implementing the health production model and in devising empirical strategies to estimate it. Much of Grossman’s own work appearing in parts 3 and 4 of this book relies on empirical strategies akin to those in the Rosenzweig-Schultz framework.

  3.  Willard G. Manning, Joseph P. Newhouse, and John E. Ware, Jr. (Manning et al., 1982) provide extensive discussion of such health measurement issues.

  4.  Grossman’s paper with Gary S. Becker and Kevin M. Murphy on tobacco addiction (see chapter 16) is his second most highly cited journal publication, based on Google Scholar accounts.

  5.  This is a point many economists associate with the work of Sam Peltzman (e.g., Peltzman 1975).
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This book is motivated by a quotation by Joseph P. Newhouse in his introduction to Moral Hazard in Health Insurance, by Amy Finkelstein with Kenneth J. Arrow, Jonathan Gruber, Joseph P. Newhouse, and Joseph E. Stiglitz, published by Columbia University Press in 2015. Professor Newhouse, who is the founding editor of the Journal of Health Economics, writes: “Each academic year, I teach the first session of a one semester course in health economics for second-year graduate students. The reading for that session consists of two seminal works in health economics: Kenneth Arrow’s ‘Uncertainty and the Welfare Economics of Medical Care’ and Michael Grossman’s The Demand for Health: A Theoretical and Empirical Investigation [Arrow 1963; Grossman 1972]. These two works have resulted in two largely nonoverlapping streams of the by-now vast health economics literature. Arrow’s article led…to a literature on the functioning of markets for medical services and health insurance. Grossman’s book led to a literature on determinants of the health status of the population, only one determinant of which…is medical care (p. 1).”

As I rapidly approach the end of my fifth decade as a professional economist, I thought it would be useful to make available in one volume a compilation of my most important papers dealing with an economic perspective of the determinants of the health of the population. These papers can be classified under the following headings:

The Demand for Health: Theoretical Underpinnings and Empirical Results

The Relationship Between Health and Schooling

Determinants of Infant Health with Special Emphasis on Public Policies and Programs

The Economics of Unhealthy Behaviors.

Based on these headings, the book is divided into four parts or sections. Each section includes an introduction to the topic at issue and to the papers in the section. More important, it ends with an afterword that contains a brief discussion of research stimulated by the studies in that section. The focus is on selected papers by others that have advanced and extended my work, including some that do not agree with it. It also includes my thoughts on promising areas for future research.

I titled my June 2010 Presidential Address to the American Society of Health Economists at its third biennial conference at Cornell University “It’s Better to Be the First or One of the First Even if You’re Wrong (Especially if You Pick Interesting Problems on Which to Work).” That title reflects my research philosophy. Hence, it is not surprising that at least some of the research in the afterwords is critical of my contributions. I try to give a balanced view of the issues involved, encourage the reader to make up his or her own mind concerning the points of contention, and pursue research that will contribute to the debate as well as opening up new perspectives on economic determinants of the health of the population.

In the two papers in the first part of the book, I set out my model of the demand for health. I treat health as a durable capital stock that is demanded because it is a source of utility and because, as a component of the stock of human capital, it is a determinant of earnings. I also summarize key predictions of the model and the empirical evidence concerning these predictions.

In the four papers in the second part of the book, my coauthors and I focus on the positive relationship between more schooling and better health—one of the most fundamental relationships in economics. Because I view health as a form of human capital, it is natural to examine complementarities between health capital and other forms of human capital, the most important of which is knowledge capital, as proxied by the number of years of formal schooling completed. The emphasis of the papers is on the extent to which the positive relationship implies causality from schooling to health and on the mechanisms that may lead an increase in schooling to result in better health.

In the five papers in the third part of the book, my coauthors and I deal with infant health outcomes in the context of a rich analytical framework in which my demand for health model is combined with economic models of the family. We focus on infant mortality because death rates at this age are much higher than child and teenage mortality rates, and adult death rates do not exceed the infant mortality rate until the mid-fifties (Xu et al. 2016). Our studies were particularly timely when they were conducted in the 1980s because the U.S. infant mortality rate was very stable between 1955 and 1964 but fell rapidly for at least the next two decades. The period beginning in 1964 witnessed the legalization and diffusion of abortion, the widespread adoption of oral and intrauterine contraceptive techniques, and dramatic advances in neonatal science. It also witnessed the introduction and rapid growth of programs associated with President Lyndon B. Johnson’s War on Poverty: Medicaid, federally subsidized maternal and infant care projects and community health centers, federally subsidized family planning services for low-income women, and the Special Supplemental Food Program for Women, Infants, and Children (WIC program). Although other researchers had pointed to these developments in explanations of the acceleration in the downward trend in infant mortality, the question had not been studied in a multivariate context prior to our work.

In the ten papers in the fourth part of the book, my coauthors and I treat the economics of unhealthy behaviors: the consumption of goods and associated behaviors that are harmful to health. Examples include cigarette smoking; overeating, reflected by the body mass index and by obesity; excessive alcohol consumption; and the consumption of illegal drugs. These behaviors rank first, second, third, and tenth, respectively, as the leading causes of premature mortality in the United States (National Research Council 2015). Not only do consumers who engage in these behaviors harm themselves, but they also harm others. For instance, pregnant women who smoke or use cocaine may injure their fetuses, and drunk drivers may injure or kill other people. The existence of ignored internal costs (harm to self) and external costs (harm to others) explains why the governments of almost every developed country and many developing ones have chosen to intervene in the markets for these goods.

From a positive standpoint, those who focus on economic approaches to the determinants of health outcomes need to understand the behavioral underpinnings of consumer choices pertaining to the consumption of unhealthy goods. Do decisions to consume goods with negative marginal products in the health production function conform to or violate basic propositions in economics? In particular, do they violate the law of the downward sloping demand function? And how should one take account of the addictive properties of many of them: the positive relationship between past consumption and current consumption?

I have been trying to answer these questions and examining implications for public policy on a continuous basis since the late 1970s. I have published more papers on this topic than on the first three topics in this book, including many publications in each of the last four decades—the 1980s, 1990s, 2000s, and 2010s. That explains why the ten papers in this part of the book fall one short of the total number of eleven papers in the previous three parts combined.

I could not have produced the twenty-one papers in this volume without the great fortune of terrific teachers, classmates, work environments, students, and colleagues—many of whom are my former students. My greatest debt is to the late Gary S. Becker. When I entered the PhD program in economics at Columbia University in September 1964, I was going to specialize in public finance. Then I met Gary and decided to specialize in whatever interested him. He was by far the best economist I had the privilege to know. He had a profound impact on my professional career in economics, and I owed a debt to him that I could never repay. In his two-semester course in microeconomics and in his justly famous labor economics workshop, I learned that economists can study every aspect of human behavior. He suggested the topic of my PhD dissertation. Originally, it was supposed to be a study of the effects of education on health, but along the way he encouraged (some might say demanded) me to broaden it into a theoretical and empirical analysis of the demand for health. In the mid-1980s, Gary introduced me to Kevin M. Murphy, the second-best economist it has been my privilege to know, and invited me to work with Kevin and him on an empirical test of their theory of rational addiction. That collaboration resulted in three coauthored papers, two of which are in part 4 of this volume.

My second-greatest debt is to Victor R. Fuchs. Although he was not my teacher at Columbia, he introduced me to the field of health economics shortly after he hired me as a research assistant at the National Bureau of Economic Research in June 1966. At the time, I had just finished all my coursework and exams at Columbia University; I was thinking about getting married; and I did not have much money. At the end of the summer, he said that I could continue to work for him half time and have office space to work on my dissertation if I wrote in the health economics field. That is how I became interested in the field; until then I had no exposure to it. In retrospect, in 1966 an investment in health economics certainly paid me the best interest. After I finished my dissertation, Vic encouraged me to study the relationship between health and schooling in detail. That is the subject of the second part of this book.

The late Jacob Mincer provided me with profound insights concerning human capital theory in his two-semester course in labor economics and in the labor workshop that he organized with Gary Becker at Columbia. I have drawn on many of those insights in my work on health as a form of human capital.

I learned almost as much from my classmates at Columbia as I did from Gary and Jacob. They include Robert T. Michael, Linda N. Edwards, Isaac Ehrlich, Arleen A. Leibowitz, the late Gilbert R. Ghez, the late C. Michael Rahm, Carl J. Hemmer, and Peter Sperling. In addition to interactions as students, Linda Edwards and I collaborated on a project dealing with economic aspects of children’s health in the late 1970s and early 1980s that resulted in five publications. One of them is included in part 2 of this book. Linda always impressed on me the value of rewriting manuscripts, a task that I still have difficulty undertaking.

I often refer to myself as a “child” of two institutions: the National Bureau of Economic Research and the PhD program in economics at the City University of New York Graduate Center. I have worked at the NBER since Vic Fuchs hired me as a research assistant in 1966 and have been a bureau research associate since 1970. I have taught at the Graduate Center since 1972. The nurturing environment at the bureau enabled me to increase my training and skills in economics after I received my PhD. It also provided a setting in which I could interact with colleagues with similar research interests and develop and fund research projects.

The PhD program in economics, like the other Graduate Center PhD programs, takes the form of a consortium involving the center and the CUNY senior (four-year) colleges. There are two types of faculty. My position as a central appointment means that I have tenure at the Graduate Center and do all my teaching at the PhD level. On the other hand, college-based faculty members have tenure or are on tenure-track lines at one of the CUNY colleges. Most, but not all, of their teaching is to undergraduates. With an enrollment of approximately eighty students per year in the forty-five years in which I have taught at the Graduate Center, its PhD program in economics certainly is not small. But in all these years, there have never been more than two additional central appointments. As a result, I have been involved in more than two hundred fifty completed dissertations, and have supervised more than one hundred of them. This has been a tremendously rewarding experience. It has forced me to keep on learning new material in economics. More important, many of my coauthors have been and continue to be my former students.

I have coauthored papers with twenty-eight of my former students. I cannot acknowledge all of them here, but I do want to acknowledge a few. Henry Saffer, Ted Joyce, and Bob Kaestner have been my collaborators for the longest periods of time. Henry was a student in the very first class that I taught at the Graduate Center—a class in mathematics for economists during the fall semester of 1972. I have been working with him on the economics of unhealthy behaviors since the mid-1980s, and two of our coauthored papers appear in part 4 of this book. I have known Ted since he took my course in microeconomics during the fall semester of 1981 and have worked with him on the relationship between health and schooling and on the determinants of infant health outcomes. One of our coauthored papers appears in part 2 of this book and two appear in part 3. I have known Bob since he took my course in microeconomics during the spring semester of 1985. Although none of our published papers are contained in this book, I refer to a number of his papers in the afterwords to parts 3 and 4. Henry, Ted, and Bob have ensured and continue to ensure that my education in economics never ends. They constantly encourage me (some would say demand me) to rethink conclusions that I have drawn from past studies, to consider new approaches to consumer behavior, and to employ new econometric techniques. I do not always agree with them, but our discussions are immensely enjoyable and extremely rewarding. Perhaps they have prevented an old economist from becoming a “has been,” or at least slowed the depreciation on his stock of knowledge capital.

Of my other former students who have made major contributions to the papers in this volume and related research, I want to acknowledge and thank Steven Jacobowitz and especially Hope Corman for our work on infant health outcomes; Fred Goldman for our studies of community health centers and interest rates on tax-exempt hospital bonds; Douglas Coate and Eugene M. Lewit for our early research on unhealthy behaviors; Greg Colman, Inas Rashad Kelly, Dhaval Dave, H. Naci Mocan, Ismail Sirtalan, Jesse Margolis, and especially Sara Markowitz and Frank J. Chaloupka for our later research on the same subject; Neeraj Kaushal for our study of the relationship between health and schooling; and Avi Dor for our research on hospital surgery prices.

I am indebted to a former student who is not a coauthor: Alan C. Monheit. He was the first person to write a PhD dissertation under my supervision and then to pursue a career as a health economist with great success. As alumni of Far Rockaway High School, Alan and I share something else in common in addition to our field of specialization in economics.

I also want to acknowledge and thank a coauthor who is not my former student: Shin-Yi Chou. I induced her to collaborate with Henry Saffer, Inas Rashad Kelly, and me on economic aspects of obesity in the early 2000s. She returned that favor by arousing my interest in “all things Taiwan” a year or two later. Our collaboration resulted in four papers in this volume: one each in parts 2 and 3, and two in part 4. Her optimism and “upbeat” personality have always been an effective antidote to my pessimism and “downbeat” personality.

I am indebted to Björn Lindgren who has served as series coeditor with me of Advances in Health Economics and Health Services Research (published by JAI, an imprint of Elsevier Ltd. from 2005 through 2008; and published by Emerald Group Publishing Ltd. since that year). He and I organized a conference entitled Substance Use: Individual Behavior, Social Interactions, Markets, and Politics that was held in Lund University in Sweden in August 2004. Subsequently, we coedited a volume with that title and published it in 2005. In 2016, Björn and I joined Kristian Bolin, Robert Kaestner, Dorte Gyrd-Hansen, Tor Iversen, and Jody L. Sindelar in organizing a conference entitled Human Capital and Health Behavior, which was held in Gothenburg University in Sweden in May. We coedited a volume with that title in the “Advances” series published in 2017. The papers in both volumes are intimately related to many of the papers in this book, and my interactions with Björn as series coeditors have advanced my own research agenda. I owe a second debt to him because he arranged for me to spend the months of March, April, and May 2016 as a guest professor in the Child, Family and Reproductive Health Research Group at the Lund University Medical School. I wrote a good many of the introductions and afterwords to the four parts of this book while I was at Lund. In addition to Björn, Inger Hallström, the director of the research group, and her staff were extremely helpful to me and provided a pleasant atmosphere for me to work. I also am indebted to Kristian Bolin for arranging partial funding for my stay at Lund.

I am grateful to John Mullahy for organizing a joint session sponsored by the American Economic Association and the International Health Economics Association titled “The Demand for Health, 30 Years Later: What Do We Know? What Do We Need to Know?” for the January, 2003 Allied Social Science Association Meeting in Washington, DC. The papers given at that session were published in the July 2004 volume of the Journal of Health Economics. John’s efforts helped to familiarize newer cohorts of health economists with my research on the demand for health and on the relationship between health and schooling. That body of work forms the basis of parts 1 and 2 of this book.

I cannot thank Bridget Flannery-McCoy, my editor at Columbia University Press, enough. Like Shin-Yi Chou, she has an optimistic and upbeat personality. For a pessimistic and downbeat author who was hesitant to propose the project, her enthusiasm for the book has been contagious. She made many fine comments on the introductions and afterwords and greatly improved the contents of these sections. I also want to thank Ryan Groendyk, Bridget’s assistant, for the care in which he assembled the papers in the book and for his efforts in obtaining permissions to reprint the papers from the journals and books in which they originally appeared.

How can I ever thank Marinella Moscheni, the Business Manager of the NBER New York office and the only administrator in the office? The answer is that it is impossible for me to do so. She makes the office run, and I cannot imagine it without her. She solves all my computer problems, proofreads all my papers (including many that appear in this volume as well as the introductions and afterwords to each section), finds references and exact citations, sends files to me when I am out of the office, and ensures that everything is in working order. And she does all of this for the other fourteen members of the research staff as well as for me.

I must acknowledge and thank the agencies that provided grants to the NBER to fund most of the papers in this book. They include the National Institutes of Health, the National Science Foundation, the Agency for Healthcare Research and Quality and its predecessors, the Robert Wood Johnson Foundation, the Ford Foundation, and the Henry J. Kaiser Family Foundation.

Finally, I want to thank Ilene, my wife of fifty years as of September 11, 2016, for things that are impossible to enumerate in one paragraph. Given my last acknowledgment, let me begin by thanking her for supporting me in the manner to which I am accustomed to being supported for a long time. Ilene and I are a real-world example of the foundation of Gary Becker’s theory of marriage: based on the theory of comparative advantage and with other factors held constant, it is optimal for a high-wage individual to marry one with a much lower wage. For many years, her earnings as designer and manager of computer systems in financial services far exceeded mine. That gave me the luxury to teach and pursue research that was not nearly as rewarding from a monetary standpoint but paid me a good deal of psychic income. More seriously, Ilene has supported me in everything I wanted to do, has always given me good advice, and has tolerated me, especially when my research was not going as well as I had hoped.
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In the fall of 1966, Gary S. Becker was a member of a National Bureau of Economic Research (NBER) staff reading committee that reviewed a paper titled “The Production of Health: An Exploratory Study,” by Richard Auster, Irving Leveson, and Deborah Sarachek. Gary’s main comment on the paper was that it ignored that what people demand when they purchase medical care services are not these services per se but rather good health. The latter item enters the utility functions of consumers, and medical care is only one of many inputs into its production. He proceeded to specify a demand function for health whose arguments included the prices of health inputs, the efficiency of the production process as reflected by the number of years of formal schooling completed by the consumer, and income or, more precisely, the exogenous components of income.

When Gary wrote his review, I had just entered my third year in the PhD program in economics at Columbia University. He was a professor of economics at that university as well as an NBER research associate. I had completed all the courses and examinations and was searching for a dissertation topic. I also was working as a research assistant to Victor R. Fuchs at the NBER. Victor had encouraged me to select a topic in health economics for my dissertation. I had consulted Gary about a topic, but he had not worked in health economics and did not have any suggestions. His review changed all that. After Gary finished it, he gave it to me and said that it contained an idea for a PhD dissertation. Originally, it was supposed to be a study of the effects of education on health, but along the way he encouraged (some might say demanded) me to broaden it into a theoretical and empirical analysis of the demand for health.

It is not surprising that Gary emphasized the difference between health as an output that enters the utility function and medical care as one of a number of inputs into its production in his review. After all, he had published his seminal paper titled “A Theory of the Allocation of Time” in the Economic Journal the previous year (Becker 1965). In that paper, he developed the household production function model of consumer behavior by drawing a distinction between fundamental objects of choice (called commodities) that enter the utility function and market goods and services. Consumers produce commodities with inputs of market goods and services and their own time. Because goods and services are inputs into the production of commodities, the demand for these goods and services is a derived demand for a factor of production. Although most of the applications in his paper pertain to extensions of labor supply theory, Gary could easily have titled it “The Household Production Approach to Consumer Behavior” or “On the New Theory of Consumer Behavior” because the applications extended far beyond labor supply. Indeed, he published a paper with the latter title in the Swedish Journal of Economics in 1973 (Michael and Becker 1973).

In my dissertation (Grossman 1970) and the publications that resulted from it (Grossman 1972a, 1972b), I use the household production function approach as one of two building blocks to construct a model of the demand for health. I assume that consumers demand health, defined broadly to include illness-free days in a given year and life expectancy, and produce it with inputs of medical care services, diet, other market goods and services, and their own time. Hence, the demand for medical care and other health inputs is derived from the basic demand for health.

My second building block, also due to Gary, is the theory of investment in human capital (for example, Becker 1964). Health, like knowledge, is a durable capital stock; and both may be viewed as components of the stock of human capital. Consumers have incentives to invest in this stock in the present because it increases their earnings in the future. Indeed, in his Economic Journal paper, Gary pointed out that investment in human capital is a prominent use of a portion of the time allocated to nonmarket or household production. I proceeded to pursue a distinction between the returns to an investment in knowledge and the returns to an investment in health that he suggested to me. To be specific, investments in knowledge raise wage rates and investments in health raise the total amount of time available for market and household production in a given year and prolong length of life.1

The first paper in this section contains most of the theory in my dissertation. It appeared in the 1972 volume of the Journal of Political Economy with the title “On the Concept of Health Capital and the Demand for Health.” It is my first publication of original material and is my most widely cited one. In the paper, I first develop a general model of the demand for health, which contains both an investment motive and a consumption motive for increasing the stock of health. I then focus on a pure investment model in which the consumption benefits of health are small enough to be ignored. I do so to contrast health capital with other forms of human capital and because the pure investment model generates powerful predictions from simple analyses. Moreover, the consumption aspects of the demand for health can be incorporated into empirical estimation without much loss in generality.

The other paper in this section is my contribution to Volume 1A of the Handbook of Health Economics, published by Elsevier (Grossman 2000). I include it as a substitute for my 1972 monograph titled The Demand for Health: A Theoretical and Empirical Investigation, published by the NBER.2 The monograph and the paper spell out the differences between a pure investment model of the demand for health and a pure consumption model in which the investment returns are small enough to be ignored. The paper also summarizes the main empirical results in the 1972 monograph. In addition, because the paper was published almost three decades after the monograph, some extensions of the theoretical and empirical work in the monograph and some criticisms of the framework as of the late 1990s are discussed.

I would be remiss if I did not indicate the fate of the paper by Auster, Leveson, and Sarachek that led Gary Becker to suggest the topic of my PhD dissertation to me. I am delighted to report that it was published in an early volume of the Journal of Human Resources (Auster, Leveson, and Sarachek 1969). The authors concluded that the rate of return to investing in health by increasing education far exceeded the rate of return to investment in health by increasing medical care. That conclusion was responsible, in part, for the subsequent literature that has investigated whether more schooling causes better health. That issue serves as the subject of part 2 of this book.

NOTES

  1.  In the introductions and afterwords to the first two parts of this book, I refer to forms of human capital other than health capital as knowledge capital, which is most commonly measured at the empirical level by completed years of formal schooling.

  2.  I am very pleased that Columbia University Press, which distributed the monograph for the NBER, is reissuing the monograph as a companion to this book.
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ABSTRACT

The aim of this study is to construct a model of the demand for the commodity “good health.” The central proposition of the model is that health can be viewed as a durable capital stock that produces an output of healthy time. It is assumed that individuals inherit an initial stock of health that depreciates with age and can be increased by investment. In this framework, the “shadow price” of health depends on many other variables besides the price of medical care. It is shown that the shadow price rises with age if the rate of depreciation on the stock of health rises over the life cycle and falls with education if more educated people are more efficient producers of health. Of particular importance is the conclusion that, under certain conditions, an increase in the shadow price may simultaneously reduce the quantity of health demanded and increase the quantity of medical care demanded.

1. INTRODUCTION

During the past two decades, the notion that individuals invest in themselves has become widely accepted in economics. At a conceptual level, increases in a person’s stock of knowledge or human capital are assumed to raise his productivity in the market sector of the economy, where he produces money earnings, and in the nonmarket or household sector, where he produces commodities that enter his utility function. To realize potential gains in productivity, individuals have an incentive to invest in formal schooling or on-the-job training. The costs of these investments include direct outlays on market goods and the opportunity cost of the time that must be withdrawn from competing uses. This framework has been used by Gary Becker (1967) and by Yoram Ben-Porath (1967) to develop models that determine the optimal quantity of investment in human capital at any age. In addition, these models show how the optimal quantity varies over the life cycle of an individual and among individuals of the same age.

Although several writers have suggested that health can be viewed as one form of human capital (Mushkin 1962, 129–149; Becker 1964, 33–36; Fuchs 1966, 90–91), no one has constructed a model of the demand for health capital itself. If increases in the stock of health simply increased wage rates, such a task would not be necessary, for one could simply apply Becker’s and Ben-Porath’s models to study the decision to invest in health. This paper argues, however, that health capital differs from other forms of human capital. In particular, it argues that a person’s stock of knowledge affects his market and nonmarket productivity, while his stock of health determines the total amount of time he can spend producing money earnings and commodities. The fundamental difference between the two types of capital is the basic justification for the model of the demand for health that is presented in the paper.

A second justification for the model is that most students of medical economics have long realized that what consumers demand when they purchase medical services are not these services per se, but “good health.” Given that the basic demand is for good health, it seems logical to study the demand for medical care by first constructing a model of the demand for health itself. Since, however, traditional demand theory assumes that goods and services purchased in the market enter consumers’ utility functions, economists have emphasized the demand for medical care at the expense of the demand for health. Fortunately, a new approach to consumer behavior draws a sharp distinction between fundamental objects of choice—called “commodities”—and market goods (Becker 1965; Lancaster 1966; Muth 1966; Michael 1972; Becker and Michael 1970; Ghez 1970). Thus, it serves as the point of departure for my health model. In this approach, consumers produce commodities with inputs of market goods and their own time. For example, they use traveling time and transportation services to produce visits; part of their Sundays and church services to produce “peace of mind”; and their own time, books, and teachers’ services to produce additions to knowledge. Since goods and services are inputs into the production of commodities, the demand for these goods and services is a derived demand.

Within the new framework for examining consumer behavior, it is assumed that individuals inherit an initial stock of health that depreciates over time—at an increasing rate, at least after some stage in the life cycle—and can be increased by investment. Death occurs when the stock falls below a certain level, and one of the novel features of the model is that individuals “choose” their length of life. Gross investments in health capital are produced by household production functions whose direct inputs include the own time of the consumer and market goods such as medical care, diet, exercise, recreation, and housing. The production function also depends on certain “environmental variables,” the most important of which is the level of education of the producer that influence the efficiency of the production process.

It should be realized that in this model the level of health of an individual is not exogenous but depends, at least in part, on the resources allocated to its production. Health is demanded by consumers for two reasons. As a consumption commodity, it directly enters their preference functions, or, put differently, sick days are a source of disutility. As an investment commodity, it determines the total amount of time available for market and nonmarket activities. In other words, an increase in the stock of health reduces the time lost from these activities, and the monetary value of this reduction is an index of the return to an investment in health.

Since the most fundamental law in economics is the law of the downward-sloping demand curve, the quantity of health demanded should be negatively correlated with its shadow price. The analysis in this paper stresses that the shadow price of health depends on many other variables besides the price of medical care. Shifts in these variables alter the optimal amount of health and also alter the derived demand for gross investment, measured, say, by medical expenditures. It is shown that the shadow price rises with age if the rate of depreciation on the stock of health rises over the life cycle and falls with education if more educated people are more efficient producers of health. Of particular importance is the conclusion that, under certain conditions, an increase in the shadow price may simultaneously reduce the quantity of health demanded and increase the quantity of medical care demanded.

2. A STOCK APPROACH TO THE DEMAND FOR HEALTH

2.1. The Model

Let the intertemporal utility function of a typical consumer be
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where H0 is the inherited stock of health, Hi is the stock of health in the ith time period, ϕi is the service flow per unit stock, hi = ϕiHi is total consumption of “health services,” and Zi is total consumption of another commodity in the ith period.1 Note that, whereas in the usual intertemporal utility function n, the length of life as of the planning date is fixed, here it is an endogenous variable. In particular, death takes place when Hi = Hmin. Therefore, length of life depends on the quantities of Hi that maximize utility subject to certain production and resource constraints that are now outlined.

By definition, net investment in the stock of health equals gross investment minus depreciation:

[image: image]

where Ii is gross investment and δi is the rate of depreciation during the ith period. The rates of depreciation are assumed to be exogenous, but they may vary with the age of the individual.2 Consumers produce gross investments in health and the other commodities in the utility function according to a set of household production functions:
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In these equations, Mi is medical care, Xi is the goods input in the production of the commodity Zi, THi and Ti are time inputs, and Ei is the stock of human capital.3 It is assumed that a shift in human capital changes the efficiency of the production process in the nonmarket sector of the economy, just as a shift in technology changes the efficiency of the production process in the market sector. The implications of this treatment of human capital are explored in section 4 of this chapter.

It is also assumed that all production functions are homogeneous of degree 1 in the goods and time inputs. Therefore, the gross investment production function can be written as
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where ti = THi/Mi. It follows that the marginal products of time and medical care in the production of gross investment in health are
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From the point of view of the individual, both market goods and own time are scarce resources. The goods budget constraint equates the present value of outlays on goods to the present value of earnings income over the life cycle plus depreciation, initial assets (discounted property income):4
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Here Pi and Vi are the prices of Mi and Xi, Wi is the wage rate, TWi is hours of work, A0 is discounted property income, and r is the interest rate. The time constraint requires that Ω, the total amount of time available in any period, must be exhausted by all possible uses:
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where TLi is time lost from market and nonmarket activities due to illness or injury.

Equation (7) modifies the time budget constraint in Becker’s time model (Becker 1965). If sick time were not added to market and nonmarket time, total time would not be exhausted by all possible uses. My model assumes that TLi is inversely related to the stock of health; that is, ∂TLi/∂Hi < 0. If Ω were measured in days (Ω = 365 days if the year is the relevant period) and if ϕi were defined as the flow of healthy days per unit of Hi, hi would equal the total number of healthy days in a given year.5 Then one could write
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It is important to draw a sharp distinction between sick time and the time input in the gross investment function. As an illustration of this difference, the time a consumer allocates to visiting his doctor for periodic checkups is obviously not sick time. More formally, if the rate of depreciation were held constant, an increase in THi would increase Ii and Hi+1 and would reduce TLi+1. Thus, THi and TLi+1 would be negatively correlated.6

By substituting for TWi from equation (7) into equation (6), one obtains the single “full wealth” constraint:
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According to equation (9), full wealth equals initial assets plus the present value of the earnings an individual would obtain if he spent all of his time at work. Part of this wealth is spent on market goods, part of it is spent on nonmarket production time, and part of it is lost due to illness. The equilibrium quantities of Hi and Zi can now be found by maximizing the utility function given by equation (1) subject to the constraints given by equations (2), (3), and (9).7 Since the inherited stock of health and the rates of depreciation are given, the optimal quantities of gross investment determine the optimal quantities of health capital.

2.2. Equilibrium Conditions

First-order optimality conditions for gross investment in period i − 1 are8
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The new symbols in these equations are Uhi = ∂U/∂hi = the marginal utility of healthy days; λ = the marginal utility of wealth; Gi = ∂hi/∂Hi = −(∂TLi/∂Hi) = the marginal product of the stock of health in the production of healthy days; and πi−1 = the marginal cost of gross investment in health in period i − 1.

Equation (10) simply states that the present value of the marginal cost of gross investment in period i − 1 must equal the present value of marginal benefits. Discounted marginal benefits at age i equal
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where Gi is the marginal product of health capital—the increase in the number of healthy days caused by a one-unit increase in the stock of health. Two monetary magnitudes are necessary to convert this marginal product into value terms, because consumers desire health for two reasons. The discounted wage rate measures the monetary value of a one-unit increase in the total amount of time available for market and nonmarket activities, and the term Uhi/λ measures the discounted monetary equivalent of the increase in utility due to a one-unit increase in healthy time. Thus, the sum of these two terms measures the discounted marginal value to consumers of the output produced by health capital.

While equation (10) determines the optimal amount of gross investment in period i − 1, equation (11) shows the condition for minimizing the cost of producing a given quantity of gross investment. Total cost is minimized when the increase in gross investment from spending an additional dollar on medical care equals the increase in gross investment from spending an additional dollar on time. Since the gross investment production function is homogeneous of degree 1 and since the prices of medical care and time are independent of the level of these inputs, the average cost of gross investment is constant and equal to the marginal cost.

To examine the forces that affect the demand for health and gross investment, it is useful to convert equation (10) into a slightly different form. If gross investment in period i is positive, then
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From (10) and (12),
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Therefore,
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where [image: image] is the percentage rate of change in marginal cost between period i − 1 and period i.9 Equation (13) implies that the undiscounted value of the marginal product of the optimal stock of health capital at any moment in time must equal the supply price of capital, [image: image]. The latter contains interest, depreciation, and capital gains components and may be interpreted as the rental price or user cost of health capital.

Condition (13) fully determines the demand for capital goods that can be bought and sold in a perfect market. In such a market, if firms or households acquire one unit of stock in period i − 1 at price πi − 1, they can sell (1 − δi) units at price πi at the end of period i. Consequently, [image: image] measures the cost of holding one unit of capital for one period. The transaction just described allows individuals to raise their capital in period i alone by one unit and is clearly feasible for stocks like automobiles, houses, refrigerators, and producer durables. It suggests that one can define a set of single-period flow equilibria for stocks that last for many periods.

In my model, the stock of health capital cannot be sold in the capital market, just as the stock of knowledge cannot be sold. This means that gross investment must be nonnegative. Although sales of health capital are ruled out, provided gross investment is positive, there exists a used cost of capital that in equilibrium must equal the value of the marginal product of the stock.10 An intuitive interpretation of this result is that exchanges over time in the stock of health by an individual substitute for exchanges in the capital market. Suppose a consumer desires to increase his stock of health by one unit in period i. Then he must increase gross investment in period i − 1 by one unit. If he simultaneously reduces gross investment in period i by (1 − δi) units, then he has engaged in a transaction that raises Hi and Hi alone by one unit. Put differently, he has essentially rented one unit of capital from himself for one period. The magnitude of the reduction in Ii is smaller the greater the rate of depreciation, and its dollar value is larger the greater the rate of increase in marginal cost over time. Thus, the depreciation and capital gains components are as relevant to the user cost of health as they are to the user cost of any other durable. Of course, the interest component of user cost is easy to interpret, for if one desires to increase his stock of health rather than his stock of some other asset by one unit in a given period, rπi − 1 measures the interest payment he forgoes.11

A slightly different form of equation (13) emerges if both sides are divided by the marginal cost of gross investment:
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Here γi = (WiGi)/πi−1 is the marginal monetary rate of return on an investment in health and
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is the psychic rate of return. In equilibrium, the total rate of return on an investment in health must equal the user cost of health capital in terms of the price of gross investment. The latter variable is defined as the sum of the real-own rate of interest and the rate of depreciation.

2.3. The Pure Investment Model

It is clear that the number of sick days and the number of healthy days are complements; their sum equals the constant length of the period. From equation (8), the marginal utility of sick time is −Uhi. Thus, by putting healthy days in the utility function, one implicitly assumes that sick days yield disutility. If healthy days did not enter the utility function directly, the marginal monetary rate of return on an investment in health would equal the cost of health capital, and health would be solely an investment commodity.12 In formalizing the model, I have been reluctant to treat health as pure investment because many observers believe the demand for it has both investment and consumption aspects (see, for example, Mushkin 1962, 131; Fuchs 1966, 86). But to simplify the remainder of the theoretical analysis and to contrast health capital with other forms of human capital, the consumption aspects of demand are ignored from now on.13

If the marginal utility of healthy days or the marginal disutility of sick days were equal to zero, condition (13′) for the optimal amount of health capital in period i would reduce to
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Equation (14) can be derived explicitly by excluding health from the utility function and by redefining the full wealth constraint as14
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Maximization of R′ with respect to gross investment in periods i − 1 and i yields
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These two equations imply that equation (14) must hold.

Figure 1.1 illustrates the determinations of the optimal stock of health capital at any age i. The demand curve MEC shows the relationship between the stock of health and the rate of return on an investment or the marginal efficiency of health capital, γ1. The supply curve S shows the relationship between the stock of health and the cost of capital, [image: image]. Since the cost of capital is independent of the stock, the supply curve is infinitely elastic. Provided the MEC schedule slopes downward, the equilibrium stock is given by Hi*, where the supply and demand curves intersect.
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Figure 1.1

In the model, the wage rate and the marginal cost of gross investment do not depend on the stock of health. Therefore, the MEC schedule would be negatively inclined if and only if Gi, the marginal product of health capital, were diminishing. Since the output produced by health capital has a finite upper limit of 365 healthy days, it seems reasonable to assume diminishing marginal productivity. Figure 1.2 shows a plausible relationship between the stock of health and the number of healthy days. This relationship may be called the “production function of healthy days.” The slope of the curve in the figure at any point gives the marginal product of health capital. The number of healthy days equals zero at the death stock Hmin, so that Ω = TLi = 365 is an alternative definition of death. Beyond Hmin, healthy time increases at a decreasing rate and eventually approaches its upper asymptote of 365 days as the stock becomes large.
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Figure 1.2

In sections 3 and 4, later in this chapter, equation (14) and figure 1.1 are used to trace out the lifetime path of health capital and gross investment, to explore the effects of variations in depreciation rates, and to examine the impact of changes in the marginal cost of gross investment. Before I turn to these matters, some comments on the general properties of the model are in order. It should be realized that equation (14) breaks down whenever desired gross investment equals zero. In this situation, the present value of the marginal cost of gross investment would exceed the present value of marginal benefits for all positive quantities of gross investment, and equations (16) and (17) would be replaced by inequalities.15 The remainder of the discussion rules out zero gross investment by assumption, but the conclusions reached would have to be modified if this were not the case. One justification for this assumption is that it is observed empirically that most individuals make positive outlays on medical care throughout their life cycles.

Some persons have argued that, since gross investment in health cannot be nonnegative, equilibrium condition (14) should be derived by using the optimal control techniques developed by Pontryagin and others. Kenneth Arrow (1968) employs these techniques to analyze a firm’s demand for nonsalable physical capital. Since, however, gross investment in health is rarely equal to zero in the real world, the methods I use—discrete time maximization in the text and the calculus of variations in the Mathematical Appendix—are quite adequate. Some advantages of my methods are that they are simple, easy to interpret, and familiar to most economists. In addition, they generate essentially the same equilibrium condition as the Pontryagin method. Both Arrow and I conclude that, if desired gross investment were positive, then the marginal efficiency of nonsalable capital would equal the cost of capital. On the other hand, given zero gross investment, the cost of capital would exceed its marginal efficiency.

The monetary returns to an investment in health differ from the returns to investments in education, on-the-job training, and other forms of human capital, since the latter investments raise wage rates.16 Of course, the amount of health capital might influence the wage rate, but it necessarily influences the time lost from all activities due to illness or injury. To emphasize the novelty of my approach, I assume that health is not a determinant of the wage rate. Put differently, a person’s stock of knowledge affects his market and nonmarket productivity, while his stock of health determines the total amount of time he can spend producing money earnings and commodities. Since both market time and nonmarket time are relevant, even individuals who are not in the labor force have an incentive to invest in their health. For such individuals, the marginal product of health capital would be converted into a dollar equivalent by multiplying by the monetary value of the marginal utility of time.

Since there are constant returns to scale in the production of gross investment and since input prices are given, the marginal cost of gross investment and its percentage rate of change over the life cycle are exogenous variables. In other words, these two variables are independent of the rate of investment and the stock of health. This implies that consumers reach their desired stock of capital immediately. It also implies that the stock rather than gross investment is the basic decision variable in the model. By this I mean that consumers respond to changes in the cost of capital by altering the marginal product of health capital and not the marginal cost of gross investment. Therefore, even though equation (14) is not independent of equations (16) and (17), it can be used to determine the optimal path of health capital and, by implication, the optimal path of gross investment.17

Indeed, the major differences between my health model and the human capital models of Becker (1967) and Ben-Porath (1967) are the assumptions made about the behavior of the marginal product of capital and the marginal cost of gross investment. Both Becker and Ben-Porath assume that any one person owns only a small amount of the total stock of human capital in the economy. Therefore, the marginal product of his stock is constant. To rule out solutions in which the desired stock of capital is either zero or infinite, they postulate that the marginal cost of producing gross additions to the stock is positively related to the rate of gross investment. Since marginal cost rises, the desired stock of human capital is not reached immediately. Moreover, since the marginal product of capital is constant, gross investment is the basic decision variable in these models.18 In my model, on the other hand, the marginal product of health capital falls because the output produced by this capital has a finite upper limit. Consequently, it is not necessary to introduce the assumption of rising marginal cost in order to determine the optimal stock.

To illustrate how the implications of the health and human capital models differ, suppose the rate of depreciation on either the stock of health or the stock of human capital rises. This upsets the equality between the cost of capital and its marginal efficiency. To restore this equality in the health model, the marginal product of health capital must rise, which would occur only if the stock of capital declines. To restore this equality in the human capital model, marginal cost must fall, which is possible only if gross investment declines.19

3. LIFE CYCLE VARIATIONS IN DEPRECIATION RATES

Equation (14) enables one to study the behavior of the demand for health and gross investment over the life cycle. To simplify the analysis, it is assumed that the wage rate, the stock of knowledge, the marginal cost of gross investment, and the marginal productivity of health capital are independent of age. These assumptions are not as restrictive as they may seem. To be sure, wage rates and human capital are undoubtedly correlated with age, but the effects of shifts in these variables are treated in section 4 of this chapter. Therefore, the results obtained in this section may be viewed as partial effects. That is, they show the impact of a pure increase in age on the demand for health, with all other variables held constant.

Since marginal cost does not depend on age, [image: image], and equation (14) reduce to
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It is apparent from equation (18) that, if the rate of depreciation were independent of age, a single quantity of H would satisfy the equality between the marginal rate of return and the cost of health capital. Consequently, there would be no net investment or disinvestment after the initial period. One could not, in general, compare H0 and H1 because accumulation in the initial period would depend on the discrepancy between the inherited stock and the stock desired in period 1. This discrepancy in turn would be related to variations in H0 and other variables across individuals. But, given zero costs of adjusting to the desired level immediately, H would be constant after period 1. Under the stated condition of a constant depreciation rate, individuals would choose an infinite life if they choose to live beyond period 1. In other words, if H1 > Hmin, then Hi would always exceed the death stock.20

To permit the demand for health to vary with age, suppose the rate of depreciation depends on age. In general, any time path of δi is possible. For example, the rate of depreciation might be negatively correlated with age during the early stages of the life cycle. Again, the time path might be nonmonotonic, so that δi rises during some periods and falls during others. Despite the existence of a wide variety of possible time paths, it is extremely plausible to assume that δi is positively correlated with age after some point in the life cycle. This correlation can be inferred because, as an individual ages, his physical strength and memory capacity deteriorate. Surely, a rise in the rate of depreciation on his stock of health is merely one manifestation of the biological process of aging. Therefore, the analysis focuses on the effects of an increase in the rate of depreciation with age.

Since a rise in δi causes the supply curve of health capital to shift upward, it would reduce the quantity of health capital demanded over the life cycle. Graphically, an increase in the cost of capital from r + δi to r + δi+1 in figure 1.3 reduces the optimal stock from Hi to Hi+1. The greater the elasticity of the MEC schedule, the greater the decrease in the optimal stock with age. Put differently, the slower the increase in the marginal product of health capital as H falls, the greater the decrease in the optimal stock.
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Figure 1.3

Differentiation of equation (18) with respect to age quantifies the percentage rate of decrease in the stock of health over the life cycle:

[image: image]

In this equation, the tilde notation denotes a percentage time derivative [image: image], and the new symbols are si = δi/r + δi = the share of depreciation in the cost of health capital and

[image: image]

the elasticity of the MEC schedule (ln stands for natural logarithm).21 Equation (19) indicates that the absolute value of the percentage decrease in H is positively related to the elasticity of the MEC schedule, the share of depreciation in the cost of health capital, and the percentage rate of increase in the rate of depreciation. If εi and [image: image] were constant, the curve relating ln Hi to age would be concave unless r = 0, since22

[image: image]

The absolute value of [image: image] increases over the life cycle because depreciation’s share in the cost of capital rises with age.

If δi grows continuously with age after some point in the life cycle, persons would choose to live a finite life. Since H declines over the life cycle, it would eventually fall to Hmin, the death stock. When the cost of health capital is r + δn in figure 1.3, Hn= Hmin, and death occurs. At death, no time is available for market and nonmarket activities, since healthy time equals zero. Therefore, the monetary equivalent of sick time in period n would completely exhaust potential full earnings, WnΩ. Moreover, consumption of the commodity Zn would equal zero, since no time would be available for its production if total time equals sick time.23 Because individuals could not produce commodities, total utility would be driven to zero at death.24

Having characterized the optimal path of Hi one can proceed to examine the behavior of gross investment. Gross investment’s life cycle profile would not, in general, simply mirror that of health capital. In other words, even though health capital falls over the life cycle, gross investment might increase, remain constant, or decrease. This follows because a rise in the rate of depreciation not only reduces the amount of health capital demanded by consumers but also reduces the amount of capital supplied to them by a given amount of gross investment. If the change in supply exceeded the change in demand, individuals would have an incentive to close this gap by increasing gross investment. On the other hand, if the change in supply were less than the change in demand, gross investment would tend to fall over the life cycle.

To predict the effect of an increase in δi with age on gross investment, note that the net investment can be approximated by [image: image].25 Since gross investment equals net investment plus depreciation,
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Differentiation of equation (21) with respect to age yields

[image: image]

Suppose [image: image] and εi were constant. Then from equations (19) and (20), the expression for [image: image] would simplify to

[image: image]

Since health capital cannot be sold, gross investment cannot be negative. Therefore, [image: image].26 That is, if the stock of health falls over the life cycle, the absolute value of the percentage rate of net disinvestment cannot exceed the rate of depreciation. Provided gross investment does not equal zero, the term [image: image] in equation (22) must exceed zero. It follows that a sufficient condition for gross investment to be positively correlated with the depreciation rate is ε < 1/si. Thus, [image: image] would definitely be positive at every point if ε < 1.

The important conclusion is reached that, if the elasticity of the MEC schedule were less than 1, gross investment and the depreciation rate would be positively correlated over the life cycle, while gross investment and the stock of health would be negatively correlated. Phrased differently, given a relatively inelastic demand curve for health, individuals would desire to offset part of the reduction in health capital caused by an increase in the rate of depreciation by increasing their gross investments. In fact, the relationship between the stock of health and the number of healthy days suggests that ε is smaller than 1. A general equation for the healthy-days production function illustrated by figure 1.2 is

[image: image]

where B and C are positive constants. The corresponding MEC schedule is27

[image: image]

The elasticity of this schedule is given by

[image: image]

since C > 0.

Observe that with the depreciation rate held constant, increases in gross investment would increase the stock of health and the number of healthy days. But the preceding discussion indicates that, because the depreciation rate rises with age, it is not unlikely that unhealthy (old) people will make larger gross investments than healthy (young) people. This means that sick time, TLi will be positively correlated with Mi and THi, the medical care and own time inputs in the gross investment function, over the life cycle.28 In this sense, at least part of TLi or THi may be termed “recuperation time.”

Unlike other models of the demand for medical care, my model does not assert that “need” or illness, measured by the level of the rate of depreciation, will definitely be positively correlated with utilization of medical services. Instead, it derives this correlation from the magnitude of the elasticity of the MEC schedule and indicates that the relationship between the stock of health and the number of healthy days will tend to create a positive correlation. If ε is less than 1, medical care and “need” will definitely be positively correlated. Moreover, the smaller the value of ε, the greater the explanatory power of “need” relative to that of the other variables in the demand curve for medical care.

It should be realized that the power of this model of life cycle behavior is that it can treat the biological process of aging in terms of conventional economic analysis. Biological factors associated with aging raise the price of health capital and cause individuals to substitute away from future health until death is “chosen.” It can be concluded that here, as elsewhere in economics, people reject a prospect—the prospect of longer life in this case—because it is too costly to achieve. In particular, only if the elasticity of the MEC schedule were zero would individuals fully compensate for the increase in δi and, therefore, maintain a constant stock of health.

4. MARKET AND NONMARKET EFFICIENCY

Persons who face the same cost of health capital would demand the same amount of health only if the determinants of the rate of return on an investment were held constant. Changes in the value of the marginal product of health capital and the marginal cost of gross investment shift the MEC schedule and, therefore, alter the quantity of health demanded even if the supply curve of capital does not change. I now identify the variables that determine the level of the MEC schedule and examine the effects of shifts in these variables on the demand for health and medical care. In particular, I consider the effects of variations in market efficiency, measured by the wage rate, and nonmarket efficiency, measured by human capital, on the MEC schedule.

Before beginning the analysis, two preliminary comments are in order. First, the discussion pertains to uniform shifts in variables that influence the rate of return across persons of the same age. That is, if the variable Xi is one determinant, then
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Second, the discussion proceeds under the assumption that the real rate of interest, the rate of depreciation, and the elasticity of the MEC schedule are constant. These two comments imply that an increase in Xi will alter the amount of capital demanded but will not alter its rate of change over the life cycle.29 Note from equation (21):

[image: image]

since the rate of depreciation and the percentage rate of net investment do not depend on X.30 Equation (25) indicates that percentage changes in health and gross investment for a one-unit change in X are identical. Consequently, the effect of an increase in X on either of these two variables can be treated interchangeably.

4.1. Wage Effects

Since the value of the marginal product of health capital equals WG, an increase in the wage rate, W, raises the monetary equivalent of the marginal product of a given stock. Put differently, the higher a person’s wage rate, the greater the value to him of an increase in healthy time. A consumer’s wage rate measures his market efficiency or the rate at which he can convert hours of work into money earnings. Hence, it is obviously positively correlated with the benefits of a reduction in the time he loses from the production of money earnings due to illness. Moreover, a high wage rate induces an individual to substitute market goods for his own time in the production of commodities. This substitution continues until in equilibrium the monetary value of the marginal product of consumption time equals the wage rate. So the benefits from a reduction in time lost from nonmarket production are also positively correlated with the wage.

If an upward shift in the wage rate had no effect on the marginal cost of gross investment, a 1 percent increase in it would increase the rate of return, γ, associated with a fixed stock of capital by 1 percent. In fact, this is not the case because own time is an input in the gross investment function. If K is the fraction of the total cost of gross investment accounted for by time, then a 1 percent rise in W would increase marginal cost, π, by K percent. After one nets out the correlation between W and π, the percentage growth in γ would equal 1 − K, which exceeds zero as long as gross investment is not produced entirely by time.

Since the wage rate and the level of the MEC schedule are positively correlated, the demand for health would be positively related to W. Graphically, an upward shift in W from W1 to W2 in figure 1.4 shifts the MEC schedule from MEC1 to MEC2 and, with no change in the cost of health capital, increases the optimal stock from H1 to H2. A formula for the wage elasticity of health capital is31
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This elasticity is larger the larger the elasticity of the MEC schedule and the larger the share of medical care in total gross investment cost.

[image: image]

Figure 1.4

Although the wage rate and the demand for health or gross investment are positively related, W has no effect on the amount of gross investment supplied by a given input of medical care. Therefore, the demand for medical care would rise with the wage. If medical care and own time were employed in fixed proportions in the gross investment production function, the wage elasticity of M would equal the wage elasticity of H. On the other hand, given a positive elasticity of substitution, M would increase more rapidly than H. This follows because consumers would have an incentive to substitute medical care for their relatively more expensive own time. A formula for the wage elasticity of medical care is

[image: image]

where σp is the elasticity of substitution between M and Th in the production of gross investment.32 The greater the value of σp, the greater the difference between the wage elasticities of M and H.

Note that an increase in the price of either medical care or own time raises the marginal or average cost of gross investment. But the effects of changes in these two input prices are not symmetrical. In particular, an upward shift in the price of medical care lowers the MEC schedule and causes the demand for health to decline. This difference arises because the price of time influences the value of the marginal product of health capital while the price of medical care does not.

4.2. The Role of Human Capital

Up to now, no systematic allowance has been made for variations in the efficiency of nonmarket production. Yet it is known that firms in the market sector of an economy obtain varying amounts of output from the same vector of direct inputs. These differences have been traced to forces like technology and entrepreneurial capacity, forces that shift production functions or that alter the environment in which firms operate. Reasoning by analogy, one can say that certain environmental variables influence productivity in the nonmarket sector by altering the marginal products of the direct inputs in household production functions. This study is particularly concerned with environmental variables that can be associated with a particular person—his or her race, sex, stock of human capital, etc. While the analysis that follows could pertain to any environmental variable, it is well documented that the more educated are more efficient producers of money earnings. Consequently, it is assumed that shifts in human capital, measured by education, change productivity in the household as well as in the market, and the analysis focuses on this environmental variable.

The specific proposition to be examined is that education improves nonmarket productivity. If this were true, then one would have a convenient way to analyze and quantify what have been termed the nonmonetary benefits to an investment in education. The model can, however, treat adverse as well as beneficial effects and suggests empirical tests to discriminate between the two.33

To determine the effects of education on production, marginal cost, and the demand for health and medical care, recall that the gross investment production function is homogeneous of degree 1 in its two direct inputs—medical care and own time. It follows that the marginal product of E, the index of human capital, would be
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where g − tg' is the marginal product of medical care and g' is the marginal product of time.34 If a circumflex over a variable denotes a percentage change per unit change in E, the last equation can be rewritten as

[image: image]

Equation (28) indicates that the percentage change in gross investment supplied to a consumer by a one-unit change in E is a weighted average of the percentage changes in the marginal products of M and TH.35

If E increases productivity, then rH > 0. Provided E raises both marginal products by the same percentage, equation (28) would simplify to
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In this case, education would have a “neutral” impact on the marginal products of all factors. The rest of the discussion assumes “factor neutrality.”

Because education raises the marginal product of the direct inputs, it reduces the quantity of these inputs required to produce a given amount of gross investment. Hence, with no change in input prices, an increase in E lowers average or marginal cost. In fact, one easily shows that

[image: image]

where [image: image] is the percentage change in average or marginal cost.36 So, if education increases the marginal products of medical care and own time by 3 percent, it would reduce the price of gross investment by 3 percent.

Suppose education does in fact raise productivity so that π and E are negatively correlated. Then, with the wage rate and the marginal product of a given stock of health held constant, an increase in education would raise the marginal efficiency of health capital and shift the MEC schedule to the right.37 In figure 1.5, an increase in E from E1 to E2 shifts the MEC curve from MEC1 to MEC2. If the cost of capital were independent of E, there would be no change in the supply curve, and the more educated would demand a larger optimal stock (compare H1 and H2 in figure 1.5).
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Figure 1.5

The percentage increase in the amount of health demanded for a one-unit increase in E is given by38
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Since rH indicates the percentage increase in gross investment supplied by a one-unit increase in E, shifts in this variable would not alter the demand for medical care or own time if rH equaled Ĥ. For example, a person with ten years of formal schooling might demand 3 percent more health than a person with nine years. If the medical care and own time inputs were held constant, the former individual’s one extra year of schooling might supply him with 3 percent more health. Given this condition, both persons would demand the same amounts of M and TH. As this example illustrates, any effect of a change in E on the demand for medical care or time reflects a positive or negative difference between Ĥ and rH:39

[image: image]

Equation (32) suggests that, if the elasticity of the MEC schedule were less than unity, the more educated would demand more health but less medical care. Put differently, they would have an incentive to offset part of the increase in health caused by an increase in education by reducing their purchases of medical services. Note that if rH were negative and ε were less than 1, H would be negative and M would be positive. Since education improves market productivity, I have examined the implications of the hypothesis that rH is positive. But the model is applicable whether rH is positive or negative and gives empirical predictions in either case.

5. SUMMARY AND CONCLUSIONS

The main purpose of this paper has been to construct a model of the demand for the commodity “good health.” The central proposition of the model is that health can be viewed as a durable capital stock that produces an output of healthy time. A person determines his optimal stock of health capital at any age by equating the marginal efficiency of this capital to its user cost in terms of the price of gross investment. Graphically, each person has a negatively inclined demand curve for health capital, which relates the marginal efficiency of capital to the stock, and an infinitely elastic supply curve. The equilibrium stock is determined by the intersection of these two functions. The demand curve slopes downward due to diminishing marginal productivity of health capital.

Although in recent years there have been a number of extremely interesting explorations of the forces associated with health differentials (Adelman 1963; Fuchs 1965; Larmore 1967; Newhouse 1968; Auster, Leveson, and Sarachek 1969), these studies have not developed behavioral models that can predict the effects that are in fact observed. Consequently, the framework I have developed is important because of its ability to bridge the existing gap between theory and empiricism in the analysis of health differentials. My model explains variations in both health and medical care among persons in terms of variations in supply and demand curves for health capital. This paper has traced upward shifts in the supply curve to increases in the rate of depreciation on the stock of health with age, and it has traced upward shifts in the demand curve to increases in the wage rate and education.

One prediction of the model is that if the rate of depreciation increases with age, at least after some point in the life cycle, then the quantity of health capital demanded would decline over the life cycle. At the same time, provided the elasticity of the marginal efficiency of capital schedule were less than unity, expenditures on medical care would rise with age. A second prediction is that a consumer’s demand for health and medical care should be positively correlated with his wage rate. A third prediction is that if education increases the efficiency with which gross investments in health are produced, then the more educated would demand a larger optimal stock of health. On the other hand, given a relatively inelastic demand curve, the correlation between medical outlays and education would be negative. It should be noted that one of the advantages of the model is that it enables one to study the effects of demographic variables like age and education without assuming that these variables are positively or negatively correlated with consumers’ “tastes” for health. Instead, these variables enter the analysis through their impact on either the cost of health capital or its marginal efficiency, and one can make strong predictions concerning their effects on health levels or medical care.

It must be admitted that this paper has made a number of simplifying assumptions, all of which should be relaxed in future work. A more general model would treat the depreciation rate as an endogenous variable and would not rule out periods in which the optimal amount of gross investment is zero. Most important of all, it would modify the assumption that consumers fully anticipate intertemporal variations in depreciation rates and, therefore, know their age of death with certainty. Since in the real world length of life is surely not known with perfect foresight, it might be postulated that a given consumer faces a probability distribution of depreciation rates in each period. This uncertainty would give persons an incentive to protect themselves against the “losses” associated with higher than average depreciation rates by purchasing various types of insurance and perhaps by holding an “excess” stock of health.40 But whatever modifications are made, it would be a mistake to neglect the essential features of the model I have presented in this paper. Any model must recognize that health is a durable capital stock, that health capital differs in important respects from other forms of human capital, and that the demand for medical care must be derived from the more fundamental demand for “good health.”

Appendix A

MATHEMATICAL APPENDIX

A1. Utility Maximization—Discrete Time

To maximize utility subject to the full wealth and production function constraints, form the Lagrangian expression
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where Ci = Pi Mi + Wi THi and C1i = ViXi + WiTi. Differentiating L with respect to gross investment in period i − 1 and setting the partial derivative equal to zero, one obtains
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But
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Therefore,
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A2. Utility Maximization—Continuous Time

Let the utility function be
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where mi is the weight attached to utility in period i. Equation (A4) defines an additive utility function, but any monotonic transformation of this function could be employed.41 Let all household production functions be homogeneous of degree 1. Then Ci = πiIi, CIi = qiZi,42 and full wealth can be written as
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By definition,
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where Hi is the instantaneous rate of change of capital stock. Substitution of equation (A6) into equation (A5) yields
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To maximize the utility function, form the Lagrangian
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or

[image: image]

where
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Euler’s equation for the optimal path of Hi is
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In the present context,

[image: image]

Consequently,
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which is the continuous time analogue of equation (13).

A3. Wage Effects

To obtain the wage elasticities of medical care and the time spent producing health, three equations must be partially differentiated with respect to the wage. These equations are the gross investment production function and the two first-order conditions for cost minimization:
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Since I is linear homogenous in M and TH,
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Therefore, the following relationships hold:
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Carrying out the differentiation, one gets
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Using the cost-minimization conditions and equation (A14) and rearranging terms, one has
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Since equation (Al5) is a system of three equations in three unknowns—dTH/dW, dM/dW, and dπ /dW—Cramer’s rule can be applied to solve for, say, dM/dW:
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The determinant in the denominator reduces to (Iσpπ2I2)/THM. The determinant in the numerator is

[image: image]

Therefore,
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In elasticity notation, this becomes
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Along similar lines, one easily shows that
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A4. The Role of Human Capital

To convert the change in productivity due to a shift in human capital into a change in average or marginal cost, let the percentage changes in the marginal products of medical care and own time for a one-unit change in human capital be given by
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If a shift in human capital were “factor neutral,” the percentage changes in these two marginal products would be equal:
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or
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The average cost of gross investment in health is defined as
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Given factor neutrality,
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This coincides with the percentage change in marginal cost, since
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and
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Section 4.2 outlines a derivation of the human capital parameter in the demand curve for medical care but does not give a rigorous proof. Taking the total derivative of E in the gross investment function, one computes this parameter, thus:
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Since [image: image] and Ĥ = Î, the last equation can be rewritten as
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Solving for [image: image] and noting that [image: image], one gets

[image: image]

Appendix B

GLOSSARY OF MATHEMATICAL TERMS



	n
	Total length of life



	i
	Age



	H0
	Inherited stock of health



	Hi
	Stock of health in period i



	Hmin
	Death stock



	ϕi
	Service flow per unit stock or number of healthy days per unit stock



	hi
	Total number of healthy days in period i



	Zi
	Consumption of an aggregate commodity in period i



	Ii
	Gross investment in health



	δi
	Rate of depreciation



	Mi
	Medical care



	THi
	Time input in gross investment function



	Xi
	Goods input in the production of Zi



	Ti
	Time input in the production of Zi



	Ei
	Stock of human capital



	g − tig′
	Marginal product of medical care in the gross investment production function



	g′
	Marginal product of time



	Pi
	Price of medical care



	Vi
	Price of Xi



	Wi
	Wage rate



	A0
	Initial assets



	r
	Rate of interest



	TWi
	Hours of work



	TLi
	Sick time



	Ω
	Constant length of the period



	R
	Full wealth



	Gi
	Marginal product of health capital



	Uhi
	Marginal utility of healthy days



	λ
	Marginal utility of wealth



	πi
	Marginal cost of gross investment in health
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	Percentage rate of change of marginal cost



	γi
	Monetary rate of return on an investment in health or marginal efficiency of health capital



	ai
	Psychic rate of return on an investment in health
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	A tilde over a variable denotes a percentage time derivative



	si
	Share of depreciation in the cost of health capital



	ε
	Elasticity of the MEC schedule



	K
	Fraction of the total cost of gross investment accounted for by time



	σp
	Elasticity of substitution between medical care and own time in the production of gross investment



	eH,W
	Elasticity of H with regard to W



	eM,W
	Elasticity of M with regard to W
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	A circumflex over a variable denotes a percentage change per unit change in E



	rH
	Percentage change in gross investment for a one-unit change in E



	Ci
	Total cost of gross investment in health in period i



	C1i
	Total cost of Zi



	mi
	Weight attached to total utility in period i



	qi
	Marginal cost of Zi
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  1.  The commodity Zi may be viewed as an aggregate of all commodities besides health that enter the utility function in period i. For the convenience of the reader, a glossary of symbols may be found in Appendix B.

  2.  In a more complicated version of the model, the rate of depreciation might be a negative function of the stock of health. The analysis is considerably simplified by treating this rate as exogenous, and the conclusions reached would tend to hold even if it were endogenous.

  3.  In general, medical care is not the only market good in the gross investment function, for inputs such as housing, diet, recreation, cigarette smoking, and alcohol consumption influence one’s level of health. Since these inputs also produce other commodities in the utility function, joint production occurs in the household. For an analysis of this phenomenon, see Grossman (1970, chap. 6). To emphasize the key aspects of my health model, I treat medical care as the most important market good in the gross investment function in the present paper.

  4.  The sums throughout this study are taken from i = 0 to n.

  5.  If the stock of health yielded other services besides healthy days, ϕi would be a vector of service flows. This study emphasizes the service flow of healthy days because this flow can be measured empirically.

  6.  For a discussion of conditions that would produce a positive correlation between THi and TLi+1, see section 3.

  7.  In addition, the constraint is imposed that Hn ≤ Hmin.

  8.  Note that an increase in gross investment in period i -1 increases the stock of health in all future periods. These increases are equal to

[image: image]

For a derivation of equation (10), see Part A of the Mathematical Appendix.

  9.  Equation (13) assumes [image: image].

10.  For similar conclusions with regard to nonsalable physical capital and with regard to a nonsalable stock of “goodwill” produced by advertising, see Arrow (1968) and Nerlove and Arrow (1962).

11.  In a continuous time model, the user cost of health capital can be derived in one step. If continuous time is employed, the term [image: image] does not appear in the user cost formula. The right-hand side of (13) becomes [image: image], where [image: image] is the instantaneous percentage rate of change of marginal cost at age i. For a proof, see section A2.

12.  To avoid confusion, a note on terminology is in order. If health were entirely an investment commodity, it would yield monetary, but not utility, returns. Regardless of whether health is investment, consumption, or a mixture of the two, one can speak of a gross investment function since the commodity in question is a durable.

13.  Elsewhere, I have used a pure consumption model to interpret the set of phenomena that are analyzed in sections 3 and 4. In the pure consumption model, the marginal monetary rate of return on an investment in health is set equal to zero (see Grossman 1970, chap. 3).

14.  Since the gross investment production function is homogeneous of the first degree, PiMi +WiTHi = πi Ii.

15.  Formally, [image: image], if Ii−1 = Ii = 0.

16.  This difference is emphasized by Mushkin (1962, 132−33).

17.  This statement is subject to the modification that the optimal path of capital must always imply nonnegative gross investment.

18.  For a complete discussion of these points, see Becker (1967, 5–12) and Ben-Porath (1967, 353−61). For models of the demand for physical capital by firms in which the marginal cost of investment and the amount of investment are positively correlated, see, for example, Eisner and Strotz (1963) and Gould (1968).

19.  Section 3 demonstrates that an increase in the rate of depreciation on health capital might cause gross investment to increase.

20.  The possibility that death can occur in period 1 is ruled out from now on.

21.  From equation (18), ln (r + δi) = ln W + lnGi – ln π. Therefore,
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or
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22.  Differentiation of equation (19) with respect to age yields
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or

[image: image]

23.  The statement assumes that Zi cannot be produced with Xi alone. This would be true if, say, the production function were Cobb-Douglas.

24.  Utility would equal zero when H = Hmin provided the death time utility function is such that U (0) = 0.

25.  That is,

[image: image]

The use of this approximation essentially allows one to ignore the one-period lag between a change in gross investment and a change in the stock of health.

26.  Gross investment is nonnegative as long as [image: image], or [image: image].

27.  If equation (23) were the production function, the marginal product of health capital would be

[image: image]

or

[image: image]

Since ln γi = ln Gi + ln W – ln π, one uses the equation for ln Gi to obtain equation (24).

28.  Note that the time path of Hi or hi would be nonmonotonic if the time path of δi were characterized by the occurrence of peaks and troughs. In particular, hi would be relatively low and THi and Mi would be relatively high (if ε < 1) when δi was relatively high; these periods would be associated with relatively severe illness.

29.  Strictly speaking, shifts in Xi would definitely have no effects on [image: image] if and only if [image: image]. Even though a uniform shift in Xi implies that there is no correlation between its level and rate of change, [image: image] might be altered if [image: image]. For a complete discussion of this point, see Grossman (1970, p. 49).

30.  Since the analysis in this section deals with variations in X among individuals of the same age, time subscripts are omitted from now on. Note also that equation (25), like the expression for Ii, ignores the one-period lag between an increase in gross investment and an increase in the stock of health.

31.  Differentiation of the natural logarithm of equation (18) with respect to In W yields
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32.  For a proof, see section A3 of the Mathematical Appendix. The corresponding equation for the wage elasticity of the own time input is
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This elasticity is positive only if ε > σp.

33.  The model developed here is somewhat similar to the one used by Michael (1969).

34.  If I is homogeneous of degree 1 in M and TH, then from Euler’s theorem

[image: image]

Differentiation of this equation with respect to E, holding M and TH constant, yields the marginal product of human capital.

35.  Instead of putting education in the gross investment production function, one could let it affect the rate of depreciation or the marginal productivity of health capital. This approach has not been taken because a general treatment of environmental variables like education must permit these variables to influence all household commodities. Since depreciation rates and stock-flow relationships are relevant only if a particular commodity is durable, a symmetrical development of the role of environmental variables requires that they affect household production functions and not depreciation rates or stock-flow relationships. In a more complicated version of the model, the gross investment function, the rate of depreciation, and the marginal productivity of health capital might all depend on education. But the basic implications of the model would not change.

36.  For a proof, see “The role of human capital” in the Mathematical Appendix, where the human capital formulas are developed in more detail.

37.  It should be stressed that the model of nonmarket productivity variations presented here examines the partial effect of an increase in education with the wage rate held constant. Although these two variables are surely positively correlated, this correlation does not appear to be large enough to prevent one from isolating pure changes in nonmarket productivity at the empirical level. For some evidence on this point, see Grossman (1970, chap. 5) and Michael (1972, chaps. 4 and 5).

38.  If W and r + δ are fixed and if G depends only on H, then

[image: image]

or

[image: image]

39.  The terms M and TH are equal because, by the definition of factor neutrality, E has no effect on the ratio of the marginal product of M to the marginal product of TH.

40.  For an attempt to introduce uncertainty into a model that views health as a durable capital stock, see Phelps (1973).

41.  Strotz (1955−56) has shown, however, that certain restrictions must be placed on mi. In particular, the initial consumption plan will be fulfilled if and only if mi = (m0)i.

42.  The variable qi equals the marginal cost of Zi.
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ABSTRACT

This chapter contains a detailed treatment of the human capital model of the demand for health, which was originally developed in 1972. Theoretical predictions are discussed, and theoretical extensions of the model are reviewed. Empirical research that tests the predictions of the model or studies causality between years of formal schooling completed and good health is surveyed. The model views health as a durable capital stock that yields an output of healthy time. Individuals inherit an initial amount of this stock that depreciates with age and can be increased by investment. The household production function model of consumer behavior is employed to account for the gap between health as an output and medical care as one of many inputs into its production. In this framework, the “shadow price” of health depends on many variables besides the price of medical care. It is shown that the shadow price rises with age if the rate of depreciation on the stock of health rises over the life cycle and falls with education (years of formal schooling completed) if more educated people are more efficient producers of health. An important result is that, under certain conditions, an increase in the shadow price may simultaneously reduce the quantity of health demanded and increase the quantities of health inputs demanded.

1. INTRODUCTION

Almost three decades have elapsed since I published my National Bureau of Economic Research monograph (Grossman 1972b) and Journal of Political Economy paper (Grossman 1972a) dealing with a theoretical and empirical investigation of the demand for the commodity “good health.”1 My work was motivated by the fundamental difference between health as an output and medical care as one of a number of inputs into the production of health and by the equally important difference between health capital and other forms of human capital. According to traditional demand theory, each consumer has a utility or preference function that allows him or her to rank alternative combinations of goods and services purchased in the market. Consumers are assumed to select the combination that maximizes their utility function subject to an income or resource constraint: namely, outlays on goods and services cannot exceed income. While this theory provides a satisfactory explanation of the demand for many goods and services, students of medical economics have long realized that what consumers demand when they purchase medical services are not these services per se but rather better health. Indeed, as early as 1789, Bentham included relief of pain as one of fifteen “simple pleasures” which exhausted the list of basic arguments in one’s utility function (Bentham 1931). The distinction between health as an output or an object of choice and medical care as an input had not, however, been exploited in the theoretical and empirical literature prior to 1972.

My approach to the demand for health has been labeled as the human capital model in much of the literature on health economics because it draws heavily on human capital theory (Becker 1964, 1967; Ben-Porath 1967; Mincer 1974). According to human capital theory, increases in a person’s stock of knowledge or human capital raise his productivity in the market sector of the economy, where he produces money earnings, and in the nonmarket or household sector, where he produces commodities that enter his utility function. To realize potential gains in productivity, individuals have an incentive to invest in formal schooling and on-the-job training. The costs of these investments include direct outlays on market goods and the opportunity cost of the time that must be withdrawn from competing uses. This framework was used by Becker (1967) and by Ben-Porath (1967) to develop models that determine the optimal quantity of investment in human capital at any age. In addition, these models show how the optimal quantity varies over the life cycle of an individual and among individuals of the same age.

Although Mushkin (1962), Becker (1964), and Fuchs (1966) had pointed out that health capital is one component of the stock of human capital, I was the first person to construct a model of the demand for health capital itself. If increases in the stock of health simply increased wage rates, my undertaking would not have been necessary, for one could simply have applied Becker’s and Ben-Porath’s models to study the decision to invest in health. I argued, however, that health capital differs from other forms of human capital. In particular, I argued that a person’s stock of knowledge affects his market and nonmarket productivity, while his stock of health determines the total amount of time he can spend producing money earnings and commodities.

My approach uses the household production function model of consumer behavior (Becker 1965; Lancaster 1966; Michael and Becker 1973) to account for the gap between health as an output and medical care as one of many inputs into its production. This model draws a sharp distinction between fundamental objects of choice—called commodities—that enter the utility function and market goods and services. These commodities are Bentham’s (1931) pleasures that exhaust the basic arguments in the utility function. Consumers produce commodities with inputs of market goods and services and their own time. For example, they use sporting equipment and their own time to produce recreation, traveling time and transportation services to produce visits, and part of their Sundays and church services to produce “peace of mind.” The concept of a household production function is perfectly analogous to a firm production function. Each relates a specific output or a vector of outputs to a set of inputs. Since goods and services are inputs into the production of commodities, the demand for these goods and services is a derived demand for a factor of production. That is, the demand for medical care and other health inputs is derived from the basic demand for health.

There is an important link between the household production theory of consumer behavior and the theory of investment in human capital. Consumers as investors in their human capital produce these investments with inputs of their own time, books, teachers’ services, and computers. Thus, some of the outputs of household production directly enter the utility function, while other outputs determine earnings or wealth in a life cycle context. Health, on the other hand, does both.

In my model, health—defined broadly to include longevity and illness-free days in a given year—is both demanded and produced by consumers. Health is a choice variable because it is a source of utility (satisfaction) and because it determines income or wealth levels. That is, health is demanded by consumers for two reasons. As a consumption commodity, it directly enters their preference functions, or, put differently, sick days are a source of disutility. As an investment commodity, it determines the total amount of time available for market and nonmarket activities. In other words, an increase in the stock of health reduces the amount of time lost from these activities, and the monetary value of this reduction is an index of the return to an investment in health.

Since health capital is one component of human capital, a person inherits an initial stock of health that depreciates with age—at an increasing rate at least after some stage in the life cycle—and can be increased by investment. Death occurs when the stock falls below a certain level, and one of the novel features of the model is that individuals “choose” their length of life. Gross investments are produced by household production functions that relate an output of health to such choice variables or health inputs as medical care utilization, diet, exercise, cigarette smoking, and alcohol consumption. In addition, the production function is affected by the efficiency or productivity of a given consumer as reflected by his or her personal characteristics. Efficiency is defined as the amount of health obtained from a given amount of health inputs. For example, years of formal schooling completed plays a large role in this context.

Since the most fundamental law in economics is the law of the downward sloping demand function, the quantity of health demanded should be negatively correlated with its “shadow price.” I stress that the shadow price of health depends on many other variables besides the price of medical care. Shifts in these variables alter the optimal amount of health and also alter the derived demand for gross investment and for health inputs. I show that the shadow price of health rises with age if the rate of depreciation on the stock of health rises over the life cycle and falls with education (years of formal schooling completed) if more educated people are more efficient producers of health. I emphasize the result that, under certain conditions, an increase in the shadow price may simultaneously reduce the quantity of health demanded and increase the quantities of health inputs demanded.

The task in this paper is to outline my 1972 model of the demand for health, to discuss the theoretical predictions it contains, to review theoretical extensions of the model, and to survey empirical research that tests the predictions made by the model or studies causality between years of formal schooling completed and good health. I outline my model in section 2 of this chapter. I include a new interpretation of the condition for death, which is motivated in part by analyses by Ehrlich and Chuma (1990) and by Ried (1996, 1998). I also address a fundamental criticism of my framework raised by Ehrlich and Chuma involving an indeterminacy problem with regard to optimal investment in health. I summarize my pure investment model in section 3, my pure consumption model in section 4, and my empirical testing of the model in section 5. While I emphasize my own contributions in these three sections, I do treat closely related developments that followed my 1972 publications. I keep derivations to a minimum because these can be found in Grossman (1972a, 1972b).2 In section 6 I focus on theoretical and empirical extensions and criticisms, other than those raised by Ehrlich and Chuma and by Ried.

I conclude in section 7 with a discussion of studies that investigate alternative explanations of the positive relationship between years of formal schooling completed and alternative measures of adult health. While not all this literature is grounded in demand for health models, it is natural to address it in a paper of this nature because it essentially deals with complementary relationships between the two most important components of the stock of human capital. Currently, we still lack comprehensive theoretical models in which the stocks of health and knowledge are determined simultaneously. I am somewhat disappointed that my 1982 plea for the development of these models has gone unanswered (Grossman 1982). The rich empirical literature treating interactions between schooling and health underscores the potential payoffs to this undertaking.

2. BASIC MODEL

2.1. Assumptions

Let the intertemporal utility function of a typical consumer be
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where Ht is the stock of health at age t or in time period t, ϕt is the service flow per unit stock, ht = ϕt Ht is total consumption of “health services,” and Zt is consumption of another commodity. The stock of health in the initial period (H0) is given, but the stock of health at any other age is endogenous. The length of life as of the planning date (n) also is endogenous. In particular, death takes place when Ht ≤ Hmin. Therefore, length of life is determined by the quantities of health capital that maximize utility subject to production and resource constraints.

By definition, net investment in the stock of health equals gross investment minus depreciation:
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where It is gross investment and δt is the rate of depreciation during the t th period (0 < δt < 1). The rates of depreciation are exogenous but depend on age. Consumers produce gross investment in health and the other commodities in the utility function according to a set of household production functions:
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In these equations, Mt is a vector of inputs (goods) purchased in the market that contribute to gross investment in health, Xt is a similar vector of goods inputs that contribute to the production of Zt, THt and Tt are time inputs, and E is the consumer’s stock of knowledge or human capital exclusive of health capital. This latter stock is assumed to be exogenous or predetermined. The semicolon before it highlights the difference between this variable and the endogenous goods and time inputs. In effect, I am examining the consumer’s behavior after he has acquired the optimal stock of this capital.3 Following Michael (1972, 1973) and Michael and Becker (1973), I assume that an increase in knowledge capital raises the efficiency of the production process in the nonmarket or household sector, just as an increase in technology raises the efficiency of the production process in the market sector. I also assume that all production functions are linear homogeneous in the endogenous market goods and own time inputs.

In much of my modeling, I treat the vectors of goods inputs, Mt and Xt, as scalars and associate the market goods input in the gross investment production function with medical care. Clearly this is an oversimplification because many other market goods and services influence health. Examples include housing, diet, recreation, cigarette smoking, and excessive alcohol use. The latter two inputs have negative marginal products in the production of health. They are purchased because they are inputs into the production of other commodities such as “smoking pleasure” that yield positive utility. In completing the model, I will rule out this and other types of joint production, although I consider joint production in some detail in Grossman (1972b, 74–83). I also will associate the market goods input in the health production function with medical care, although the reader should keep in mind that the model would retain its structure if the primary health input purchased in the market was something other than medical care. This is important because of evidence that medical care may be an unimportant determinant of health in developed countries (Auster, Leveson, and Sarachek 1969) and because Zweifel and Breyer (1997) use the lack of a positive relationship between correlates of good health and medical care in micro data to criticize my approach.

Both market goods and own time are scarce resources. The goods budget constraint equates the present value of outlays on goods to the present value of earnings income over the life cycle plus initial assets (discounted property income):
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Here Pt and Qt are the prices of Mt and Xt, Wt is the hourly wage rate, TWt is hours of work, A0 is initial assets, and r is the market rate of interest. The time constraint requires that Ω, the total amount of time available in any period, must be exhausted by all possible uses:
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where TLt is time lost from market and nonmarket activities due to illness and injury.

Equation (6) modifies the time budget constraint in Becker’s (1965) allocation of time model. If sick time were not added to market and nonmarket time, total time would not be exhausted by all possible uses. I assume that sick time is inversely related to the stock of health; that is ∂TLt/∂Ht < 0. If Ω is measured in hours (Ω = 8,760 hours or 365 days times 24 hours per day if the year is the relevant period) and if ϕt is defined as the flow of healthy time per unit of Ht, ht equals the total number of healthy hours in a given year. Then one can write
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From now on, I assume that the variable ht in the utility function coincides with healthy hours.4

By substituting for hours of work (TWt) from equation (6) into equation (5), one obtains the single “full wealth” constraint:
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Full wealth, which is given by the right-hand side of equation (8), equals initial assets plus the discounted value of the earnings an individual would obtain if he spent all of his time at work. Part of this wealth is spent on market goods, part of it is spent on nonmarket production, and part of it is lost due to illness. The equilibrium quantities of Ht and Zt can now be found by maximizing the utility function given by equation (1) subject to the constraints given by equations (2), (3), and (8). Since the inherited stock of health and the rates of depreciation are given, the optimal quantities of gross investment determine the optimal quantities of health capital.

2.2. Equilibrium Conditions

First-order optimality conditions for gross investment in period t − 1 are5
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The new symbols in these equations are Uht = ∂U/∂ht, the marginal utility of healthy time; λ, the marginal utility of wealth; G, = ∂ht/∂Ht = −(∂TLt/∂Ht), the marginal product of the stock of health in the production of healthy time; and πt−1, the marginal cost of gross investment in health in period t − 1.

Equation (9) states that the present value of the marginal cost of gross investment in health in period t − 1 must equal the present value of marginal benefits. Discounted marginal benefits at age t equal
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where Gt is the marginal product of health capital—the increase in the amount of healthy time caused by a one-unit increase in the stock of health. Two monetary magnitudes are necessary to convert this marginal product into value terms because consumers desire health for two reasons. The discounted wage rate measures the monetary value of a one-unit increase in the total amount of time available for market and nonmarket activities, and the term Uht/λ measures the discounted monetary value of the increase in utility due to a one-unit increase in healthy time. Thus, the sum of these two terms measures the discounted marginal value to consumers of the output produced by health capital.

Condition (9) holds for any capital asset, not just for health capital. The marginal cost as of the current period, obtained by multiplying both sides of the equation by (1 + r)t−1, must be equated to the discounted flows of marginal benefits in the future. This is true for the asset of health capital by labeling the marginal costs and benefits of this particular asset in the appropriate manner. As I will show presently, most of the effects of variations in exogenous variables can be traced out as shifting the marginal costs and marginal benefits of the asset.

While equation (9) determines the optimal amount of gross investment in period t − 1, equation (10) shows the condition for minimizing the cost of producing a given quantity of gross investment. Total cost is minimized when the increase in gross investment from spending an additional dollar on medical care equals the increase in total cost from spending an additional dollar on time. Since the gross investment production function is homogeneous of degree one in the two endogenous inputs and since the prices of medical care and time are independent of the level of these inputs, the average cost of gross investment is constant and equal to the marginal cost.

To examine the forces that affect the demand for health and gross investment, it is useful to convert equation (9) into an equation that determines the optimal stock of health in period t. If gross investment in period t is positive, a condition similar to equation (9) holds for its optimal value. From these two first-order conditions
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where [image: image] is the percentage rate of change in marginal cost between period t − 1 and period t.6 Equation (11) implies that the undiscounted value of the marginal product of the optimal stock of health capital at any age must equal the supply price of capital, [image: image]. The latter contains interest, depreciation, and capital gains components and may be interpreted as the rental price or user cost of health capital.

Equation (11) fully determines the optimal quantity at time t of a capital good that can be bought and sold in a perfect market. The stock of health capital, like the stock of knowledge capital, cannot be sold because it is imbedded in the investor. This means that gross investment cannot be nonnegative. Although sales of capital are ruled out, provided gross investment is positive, there exists a user cost of capital that in equilibrium must equal the value of the marginal product of the stock. In Grossman (1972a, 230; 1972b, 6–7), I provide an intuitive interpretation of this result by showing that exchanges over time in the stock of health by an individual substitute for exchanges in the capital market.

2.3. Optimal Length of Life7

So far I have essentially reproduced the analysis of equilibrium conditions in my 1972 National Bureau of Economic Research monograph and Journal of Political Economy article. A perceptive reader may have noted that an explicit condition determining length of life is absent. The discounted marginal benefits of an investment in health in period 0 are summed from periods 1 through n, so that the consumer is alive in period n and dead in period n + 1.8 This means that Hn+1 is equal to or less than Hmin, the death stock, while Hn and Ht (t < n) exceed Hmin. But how do we know that the optimal quantities of the stock of health guarantee this outcome? Put differently, length of life is supposed to be an endogenous variable in the model, yet discounted income and expenditure flows in the full wealth constraint and discounted marginal benefits in the first-order conditions appear to be summed over a fixed n.

I was bothered by the above while I was developing my model. As of the date of its publication, I was not convinced that length of life was in fact being determined by the model. There is a footnote in my Journal of Political Economy article (Grossman 1972a, 228, footnote 7) and in my National Bureau of Economic Research monograph (Grossman 1972b, 4, footnote 9) in which I impose the constraints that Hn+1 ≤ Hmin and Hn > Hmin.9 Surely, it is wrong to impose these constraints in a maximization problem in which length of life is endogenous.

My publications on the demand for health were outgrowths of my 1970 Columbia University PhD dissertation. While I was writing my dissertation, my friend and fellow PhD candidate, Gilbert R. Ghez, pointed out that the determination of optimal length of life could be viewed as an iterative process. I learned a great deal from him, and I often spent a long time working through the implications of his comments.10 It has taken me almost thirty years to work through his comment on the iterative determination of length of life. I abandoned this effort many years ago but returned to it when I read Ried’s (1996, 1998) reformulation of the selection of the optimal stock of health and length of life as a discrete time optimal control problem. Ried (1998, 389) writes: “Since [the problem] is a free terminal time problem, one may suspect that a condition for the optimal length of the planning horizon is missing in the set of necessary conditions…. However, unlike the analogous continuous time problem, the discrete time version fails to provide such an equation. Rather, the optimal final period…has to be determined through the analysis of a sequence of fixed terminal time problems with the terminal time varying over a plausible domain.” This is the same observation that Ghez made. I offer a proof below. I do not rely on Ried’s solution. Instead, I offer a much simpler proof that has a very different implication than the one offered by Ried.

A few preliminaries are in order. First, I assume that the rate of depreciation on the stock of health (δt) rises with age. As we shall see in more detail later, this implies that the optimal stock falls with age. Second, I assume that optimal gross investment in health is positive except in the very last year of life. Third, I define Vt as Wt + (Uht/λ)(1 + r)t. Hence, Vt is the undiscounted marginal value of the output produced by health capital in period t. Finally, since the output produced by health capital has a finite upper limit of 8,760 hours in a year, I assume that the marginal product of the stock of health (Gt) diminishes as the stock increases (∂Gt/∂Ht < 0).

Consider the maximization problem outlined in section 2.1 except that the planning horizon is exogenous. That is, an individual is alive in period n and dead in period n + 1. Write the first-order conditions for the optimal stocks of health compactly as
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Note that equation (13) follows from the condition for optimal gross investment in period n − 1. An investment in that period yields returns in one period only (period n) since the individual dies after period n. Put differently, the person behaves as if the rate of depreciation on the stock of health is equal to 1 in period n.

I also will make use of the first-order conditions for gross investment in health in periods 0 and n:
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In equation (14), dt is the increase in the stock of health in period t caused by an increase in gross investment in period 0:
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Obviously, gross investment in period n is 0 because the individual will not be alive in period n + 1 to collect the returns.

In order for death to take place in period n + 1 Hn+1 ≤ Hmin. Since In = 0,
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Hence, for the solution (death after period n) to be fully consistent,
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Suppose that condition (17) is violated. That is, suppose maximization for a fixed number of periods equal to n results in a stock in period n + 1 that exceeds the death stock. Then lifetime utility should be re-maximized under the assumption that the individual will be alive in period n + 1 but dead in period n + 2. As a first approximation, the set of first-order conditions for Ht (t < n) defined by equation (12) still must hold so that the stock in each of these periods is not affected when the horizon is lengthened by one period.11 But the condition for the stock in period n becomes

[image: image]

where asterisks are used because the stock of health in period n when the horizon is n + 1 is not equal to the stock when the horizon is n (see below). Moreover,
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If the stock defined by equation (21) is less than or equal to Hmin, death takes place in period n + 2. If Hn+2 is greater than Hmin, the consumer re-maximizes lifetime utility under the assumption that death takes place in period n + 3 (the horizon ends in period n + 2).

I have just described an iterative process for the selection of optimal length of life. In words, the process amounts to maximizing lifetime utility for a fixed horizon, checking to see whether the stock in the period after the horizon ends (the terminal stock) is less than or equal to the death stock (Hmin), and adding one period to the horizon and re-maximizing the utility function if the terminal stock exceeds the death stock.12 I want to make several comments on this process and its implications. Compare the condition for the optimal stock of health in period n when the horizon lasts through period n [equation (13)] with the condition for the optimal stock in the same period when the horizon lasts through period n + 1 [equation (18)]. The supply price of health capital is smaller in the latter case because δn < l.13 Hence, the undiscounted value of the marginal product of health capital in period n when the horizon is [image: image] must be smaller than the undiscounted value of the marginal product of health capital in period n when the horizon is n (Vn Gn). In turn, due to diminishing marginal productivity, the stock of health in period n must rise when the horizon is extended by one period [image: image].14

When the individual lives for n + 1 years, the first-order condition for gross investment in period 0 is
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Note that the discounted marginal benefits of an investment in period 0 are the same whether the person dies in period n + 1 or in period n + 2 [compare the right-hand sides of equations (14) and (22)] since the marginal cost of an investment in period 0 does not depend on the length of the horizon. This may seem strange because one term is added to discounted marginal benefits of an investment in period 0 or in any other period when the horizon is extended by one period—the discounted marginal benefit in period n + 1. This term, however, is exactly offset by the reduction in the discounted marginal benefit in period n. The same offset occurs in the discounted marginal benefits of investments in every other period except for periods n − 1 and n.

A proof of the last proposition is as follows. The first n − 1 terms on the right-hand sides of equations (14) and (22) are the same. From equations (13), (18), and (19),
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Hence, the sum of the last two terms on the right-hand side of equation (22) equals the last term on the right-hand side of equation (14):15
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Using the last result, one can fully describe the algorithm for the selection of optimal length of life. Maximize the lifetime utility function for a fixed horizon. Check to see whether the terminal stock is less than or equal to the death stock. If the terminal stock exceeds the death stock, add one period to the horizon and redo the maximization. The resulting values of the stock of health must be the same in every period except for periods n and n + 1. The stock of health must be larger in these two periods when the horizon equals n + 1 than when the horizon equals n. The stock in period t depends on gross investment in period t − 1, with gross investment in previous periods held constant. Therefore, gross investment is larger in periods n − 1 and n but the same in every other period when the horizon is increased by one year. A rise in the rate of depreciation with age guarantees finite life since for some j16
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I have just addressed a major criticism of my model made by Ehrlich and Chuma (1990). They argue that my analysis does not determine length of life because it “…does not develop the required terminal (transversality) conditions needed to assure the consistency of any solutions for the life cycle path of health capital and longevity” [Ehrlich and Chuma (1990, 762)]. I have just shown that length of life is determined as the outcome of an iterative process in which lifetime utility functions with alternative horizons are maximized. Since the continuous time optimal control techniques employed by Ehrlich and Chuma are not my fields of expertise, I invite the reader to study their paper and make up his or her own mind on this issue.

As I indicated at the beginning of this subsection, Ried (1996, 1998) offers the same general description of the selection of length of life as an iterative process. He proposes a solution using extremely complicated discrete time optimal control techniques. Again, I leave the reader to evaluate Ried’s solution. But I do want to challenge his conclusion that “…sufficiently small perturbations of the trajectories of the exogenous variables will not alter the length of the individual’s planning horizon…. [T]he uniqueness assumption [about length of life] ensures that the planning horizon may be treated as fixed in comparative dynamic analysis…. Given a fixed length of the individual’s life, it is obvious that the mortality aspect is entirely left out of the picture. Thus, the impact of parametric changes upon individual health is confined to the quality of life which implies the analysis to deal [sic] with a pure morbidity effect” (Ried 1998, p. 389).

In my view, it is somewhat unsatisfactory to begin with a model in which length of life is endogenous but to end up with a result in which length of life does not depend on any of the exogenous variables in the model. This certainly is not an implication of my analysis of the determination of optimal length of life. In general, differences in such exogenous variables as the rate of depreciation, initial assets, and the marginal cost of investing in health across consumers of the same age will lead to differences in the optimal length of life.17

To be concrete, consider two consumers: a and b. Person a faces a higher rate of depreciation in each period than person b. The two consumers are the same in all other respects. Suppose that it is optimal for person a to live for n years (to die in year n + 1). Ried argues that person b also lives for n years because both he and person a use equation (13) to determine the optimal stock of health in period n. That equation is independent of the rate of depreciation in period n. Hence, the stock of health in period n is the same for each consumer. For person a, we have

[image: image]

where the superscript a denotes values of variables for person a. But for person b,

[image: image]

Since [image: image], there is no guarantee that [image: image]. If [image: image], person b will be alive in period n + 1. He will then use equation (18), rather than equation (13), to pick his optimal stock in period n. In this case, person b will have a larger optimal stock in period n than person a and will have a longer length of life.

Along the same lines, parametric differences in the marginal cost of investment in health (differences in the marginal cost across people of the same age), differences in initial assets, and parametric differences in wage rates cause length of life to vary among individuals. In general, any variable that raises the optimal stock of health in each period of life also tends to prolong length of life.18 Thus, if health is not an inferior commodity, an increase in initial assets or a reduction in the marginal cost of investing in health induces a longer optimal life. Persons with higher wage rates have more wealth; taken by itself, this prolongs life. But the relative price of health (the price of ht relative to the price of Zt) may rise as the wage rate rises. If this occurs and the resulting substitution effect outweighs the wealth effect, length of life may fall.

According to Ried, death occurs if Hn+1 < Hmin rather than if Hn+1 ≤ Hmin The latter condition is the one that I employ, but that does not seem to account for the difference between my analysis and his analysis. Ried’s only justification of his result is in the context of a dynamic model of labor supply. He assumes that a nonnegativity constraint is binding in some period and concludes that marginal changes in any exogenous variable will fail to bring about positive supply.

Ried’s conclusion does not appear to be correct. To see this in the most simple manner, consider a static model of the supply of labor, and suppose that the marginal rate of substitution between leisure time and consumption evaluated at zero hours of work is greater than or equal to the market wage rate at the initial wage. Hence, no hours are supplied to the market. Now suppose that the wage rate rises. If the marginal rate of substitution at zero hours equaled the old wage, hours of work will rise above zero. If the marginal rate of substitution at zero hours exceeded the old wage, hours could still rise above zero if the marginal rate of substitution at zero hours is smaller than the new wage. By the same reasoning, while not every parametric reduction in the rate of depreciation on the stock of health will increase optimal length of life (see footnote 18), some reductions surely will do so. I stand by my statement that it is somewhat unsatisfactory to begin with a model in which length of life is endogenous and end up with a result in which length of life does not depend on any of the exogenous variables in the model.

2.4. “Bang-Bang” Equilibrium

Ehrlich and Chuma (1990, 762−768) assert that my “key assumption that health investment is produced through a constant-returns-to-scale…technology introduces a type of indeterminacy (‘bang-bang’) problem with respect to optimal investment and health maintenance choices…. [This limitation precludes] a systematic resolution of the choice of both (their italics) optimal health paths and longevity…. Later contributions to the literature spawned by Grossman…suffer in various degrees from these shortcomings…. Under the linear production process assumed by Grossman, the marginal cost of investment would be constant, and no interior equilibrium for investment would generally exist.”19

Ried (1998) addresses this criticism by noting that an infinite rate of investment is not consistent with equilibrium. Because Ehrlich and Chuma’s criticism appears to be so damaging and Ried’s treatment of it is brief and not convincing, I want to deal with it before proceeding to examine responses of health, gross investment, and health inputs to evolutionary (life-cycle) and parametric variations in key exogenous variables. Ehrlich and Chuma’s point is as follows: Suppose that the rate of depreciation on the stock of health is equal to zero at every age, suppose that the marginal cost of gross investment in health does not depend on the amount of investment, and suppose that none of the other exogenous variables in the model is a function of age.20 Then the stock of health is constant over time (net investment is zero). Any discrepancy between the initial stock and the optimal stock is erased in the initial period. In a continuous time model, this means an infinite rate of investment to close the gap followed by no investment after that. If the rate of depreciation is positive and constant, the discrepancy between the initial and optimal stock is still eliminated in the initial period. After that, gross investment is positive, constant, and equal to total depreciation; while net investment is zero.

To avoid the “bang-bang” equilibrium (an infinite rate of investment to eliminate the discrepancy between the initial and the desired stock followed by no investment if the rate of depreciation is zero), Ehrlich and Chuma assume that the production function of gross investment in health exhibits diminishing returns to scale. Thus, the marginal cost of gross or net investment is a positive function of the amount of investment. Given this, there is an incentive to reach the desired stock gradually rather than instantaneously since the cost of gradual adjustment is smaller than the cost of instantaneous adjustment.

The introduction of diminishing returns to scale greatly complicates the model because the marginal cost of gross investment and its percentage rate of change over time become endogenous variables that depend on the quantity of investment and its rate of change. In section 6, I show that the structural demand function for the stock of health at age t in a model with costs of adjustment is one in which H1 depends on the stock at age t + 1 and the stock at age t − 1. The solution of this second-order difference equation results in a reduced form demand function in which the stock at age t depends on all past and future values of the exogenous variables. This makes theoretical and econometric analysis very difficult.

Are the modifications introduced by Ehrlich and Chuma really necessary? In my view the answer is no. The focus of my theoretical and empirical work and that of others who have adopted my framework (Cropper 1977; Muurinen 1982; Wagstaff 1986) certainly is not on discrepancies between the inherited or initial stock and the desired stock. I am willing to assume that consumers reach their desired stocks instantaneously in order to get sharp predictions that are subject to empirical testing. Gross investment is positive (but net investment is zero) if the rate of depreciation is positive but constant in my model. In the Ehrlich–Chuma model, net investment can be positive in this situation. In both models, consumers choose an infinite life. In both models, life is finite and the stock of health varies over the life cycle if the rate of depreciation is a positive function of age. In my model, positive net investment during certain stages of the life cycle is not ruled out. For example, the rate of depreciation might be negatively correlated with age at early stages of the life cycle. The stock of health would be rising and net investment would be positive during this stage of the life cycle.

More fundamentally, Ehrlich and Chuma introduce rising marginal cost of investment to remove an indeterminacy that really does not exist. In figure 1 of their paper (Ehrlich and Chuma 1990, 768), they plot the marginal cost of an investment in health as of age t and the discounted marginal benefits of this investment as functions of the quantity of investment. The discounted marginal benefit function is independent of the rate of investment. Therefore, no interior equilibrium exists for investment unless the marginal cost function slopes upward. This is the basis of their claim that my model does not determine optimal investment because marginal cost does not depend on investment.

Why, however, is the discounted marginal benefit function independent of the amount of investment? In a personal communication, Ehrlich informed me that this is because the marginal product of the stock of health at age t does not depend on the amount of investment at age t. Surely that is correct. But an increase in It raises the stock of health in all future periods. Since the marginal product of health capital diminishes as the stock rises, discounted marginal benefits must fall. Hence, the discounted marginal benefit function slopes downward, and an interior equilibrium for gross investment in period t clearly is possible even if the marginal cost of gross investment is constant.

Since discounted marginal benefits are positive when gross investment is zero, the discounted marginal benefit function intersects the vertical axis.21 Thus corner solutions for gross investment are not ruled out in my model. One such solution occurs if the rate of depreciation on the stock of health equals zero in every period. Given positive rates of depreciation, corner solutions still are possible in periods other than the last period of life because the marginal cost of gross investment could exceed discounted marginal benefits for all positive quantities of investment. I explicitly rule out corner solutions when depreciation rates are positive, and Ried and other persons who have used my model also rule them out. Corner solutions are possible in the Ehrlich–Chuma model if the marginal cost function of gross investment intersects the vertical axis. Ehrlich and Chuma rule out corner solutions by assuming that the marginal cost function passes through the origin.

To summarize, unlike Ried, I conclude that exogenous variations in the marginal cost and marginal benefit of an investment in health cause optimal length of life to vary. Unlike Ehrlich and Chuma, I conclude that my 1972 model provides a simple but logically consistent framework for studying optimal health paths and longevity. At the same time, I want to recognize the value of Ried’s emphasis on the determination of optimal length of life as the outcome of an iterative process in a discrete time model. I also want to recognize the value of Ehrlich and Chuma’s model in cases when there are good reasons to assume that the marginal cost of investment in health is not constant.

2.5. Special Cases

Equation (11) determines the optimal stock of health in any period other than the last period of life. A slightly different form of that equation emerges if both sides are divided by the marginal cost of gross investment:

[image: image]

Here [image: image] defines the marginal monetary return on an investment in health and [image: image] defines the psychic rate of return.22 In equilibrium, the total rate of return to an investment in health must equal the user cost of capital in terms of the price of gross investment. The latter variable is defined as the sum of the real-own rate of interest and the rate of depreciation and may be termed the opportunity cost of health capital.
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