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Abstract
Dale W. Jorgenson has been a central contributor to a wide range of economic and
policy issues over a long and productive career. His research is characterized by a tight
integration of economic theory, appropriate data that matches the theory, and sound
econometrics. His groundbreaking work on the theory and empirics of investment established
the research path for the economics profession. He is a founder of modern growth accounting:
Official statistics in many countries, including the United States, implement Jorgenson’s
methods. Relatedly, without Jorgenson’s unflagging efforts, consistent industry KLEMS datasets
for many countries—which have been widely used in recent decades for growth accounting,
econometrics, and other applications—would not exist. Jorgenson is also a pioneer in
econometric modeling of producer and consumer behavior and of econometrically estimated,
intertemporal general equilibrium modeling for policy analysis.
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1. Introduction
Dale W. Jorgenson has been a central contributor to a wide range of economic and
policy issues over a long, productive, and influential career. As of 2022, he has written well over
300 articles and authored or edited some 37 books, with more than 70 coauthors. He has
advised more than 70 Ph.D. theses. Even in his late 80s, Dale’s research productivity has barely
slowed.3
As a newly minted Harvard Ph.D., Dale started as an assistant professor at Berkeley in
1959. He returned to Harvard aas a full professor a decade later, in 1969. He remained an active
full professor for the next 52 years. In fall 2021, at the age of 88, he became a research
professor, which offers most of the perks of professorship but without the teaching. Even in his
final year as part of the teaching faculty, he introduced a timely new undergraduate course on
“The Economics of the Coronavirus”—taught remotely from his home office.
Jorgenson is perhaps best known for his research on investment, growth accounting,
and the econometric modeling of producer and consumer behavior. For many years, he was the
foremost authority in the theory and empirics of investment. Even today, academic theories of
investment have their roots in Jorgenson (1963), which viewed demand for investment as a
derived demand from the value of capital as a factor of production. The cost of capital, or the
implicit rental rate per real dollar of capital stock, plays a key role in many macroeconomic
models.
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Throughout this essay, I use the more formal ‘Jorgenson’ and the less formal ‘Dale’, depending on what
seems most appropriate in context.
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Jorgenson is a founder of modern growth accounting. Official statistics in many
countries, including the United States, implement Jorgenson’s growth-accounting approach.
Jorgenson pioneered industry productivity datasets for several countries that look at gross
output and separate measurement of inputs of capital (K), labor (L), energy (E), materials (M)
and services (S) (KLEMS). Beyond his own research, his efforts and inspiration drove the
creation of many internationally comparable and consistent KLEMS datasets, which have found
a large number of research and policy applications. Without Jorgenson, these datasets would
almost surely not exist. In some countries, these datasets are now produced by official
statistical agencies.4
Jorgenson was also a pioneer in econometric modeling of producer and consumer
behavior. This modeling is important on its own, and as part of econometrically estimated
intertemporal and multi-sectoral general equilibrium models. He was an early developer of
these types of models, which offer a complete and coherent perspective on the economy and
economic policy. By moving beyond the assumption of a representative consumer, he showed
how to do policy analysis in these models in ways that explicitly captured considerations of
both efficiency and equity.
Jorgenson’s contributions go well beyond these three areas of investment, growth
accounting, and econometric modeling. This essay will touch on some of these other
contributions, largely in the context of these three areas. His large body of work shows a
tremendous consistency of research style. The hallmarks are a tight integration of economic
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theory, appropriate data that matches the theory, and sound econometrics. His research has
consistently addressed pressing academic and policy issues.
Various threads connect the different strands of research. One thread is investment and
the cost of capital. Dale’s research has consistently emphasized the role of investment in
tangible and human capital, and it has consistently emphasized how the user cost—that is, the
implicit rental cost of the accumulated capital—yields a service flow that we can measure.
Another thread is intertemporal and multi-sectoral general equilibrium modeling: Much of his
research provides key building blocks for econometric estimation of those models, and for
interpreting the welfare implications of the models. A final thread is that Jorgenson consistently
uses economic theory to inform data collection and measurement.
This essay begins with a short personal note in Section 2 that illustrates aspects of Dale’s
personality. Section 3 provides some background on Dale’s life. Section 4 reviews some of his
key intellectual contributions. That section focuses in detail on investment; growth accounting;
and econometric modeling and general equilibrium. I connect other research contributions to
these three themes. Section 5 discusses Dale’s substantial influence on data collection—
specifically, on official statistical measures of the economy. Section 6 concludes.

2. A Personal Note
I first met Dale in 1988 when he taught my Harvard Ph.D. econometrics course. My
classmates and I found Dale an intimidating, formal figure with enormous presence.5 He was
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always impeccably dressed in a jacket and tie. He spoke crisply and authoritatively as neat rows
of matrix algebra sprouted on the chalk board behind him—much faster than I could scribble
down.
Behind his serious demeanor was a dry wit. On the first day of class, he reminded us
that we needed to receive at least a B+ in the course in order to continue in the PhD program.
“Last year,” he said with a straight face, “a student tried very hard not to achieve that mark.
However, at the last minute, the student failed in his attempt. He received a grade of B+.”
It was several years before I talked with Dale again. I had begun a project looking at the
productivity of infrastructure. But I had reached a point where I felt overwhelmed and adrift.
Since this project was at the intersection of macroeconomics and productivity, I made an
appointment to meet with Dale.
I met Dale in his Belfer Center office, in the Kennedy School of Government building.
Dale had a suite of offices there for his students, collaborators, and international visitors. He
held office hours there rather than in his spacious Littauer (economics department) office.
I was nervous—intimidated by Dale’s authority and keenly aware of all I did not know.
Dale listened attentively as I described what I had done so far. He nodded along and asked
clarifying questions. He made helpful suggestions. He then concluded with something that l
remember to this day: “You’re making great progress. Keep up the good work.”
Those words of support were exactly what I needed to hear. I felt relief, gratitude, and
excitement. Dale’s inspiration propelled me forward. Some three decades later, I will always
appreciate what I experienced that day and have seen many times since: Dale’s attentiveness,
support, warmth, and kindness.
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I am hardly alone in seeing this supportive side of Dale. Dale was Ben Bernanke’s
undergraduate thesis advisor. Ben is, of course, the former chair of the Federal Reserve Board
of Governors, as well as being an enormously influential academic economist. Ben was a
Harvard undergraduate, class of 1975. He describes Dale as “an extraordinarily kind and
effective mentor.” Dale hired Ben as a research assistant the summer after his junior year, and
again after his senior year. Dale advised his senior thesis on the economic effects of natural gas
price caps. The thesis won the prize for the best thesis in the economics department and was
the basis of Ben’s first professional publication, joint with Dale (Bernanke and Jorgenson, 1975).
Ben told me that “Dale has been supportive of me throughout my whole career.”6
The support and mentorship that Dale showed so many throughout their careers has
endeared him to generations of students.

3. Jorgenson’s life
Dale was born in Bozeman, Montana on May 7, 1933. He was an only child. His parents
had grown up and met in Minnesota. After marrying, they drove west, intending to go to
California. They arrived in Bozeman during a nice time of year and stayed. Three years after
Dale was born, the family moved to Helena, Montana, which is where Dale grew up. “Montana
was a pleasant place,” he told me, “especially if you like winters.” He paused. “I don’t.”
After high school, Dale had hoped to attend the U.S. Naval Academy, but his eyesight
wasn’t good enough. Instead, he enrolled at Reed College in Oregon. Reed was a formative
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experience, with a high-level academic program. Initially, Dale thought he would be a physics
major. But he found physics boring. Economics was more exciting than, and as quantitative as,
the physical sciences.
One Reed professor was particularly influential. Carl M. Stevens had earned his
economics PhD at Harvard (1951) and, after three years at Yale, joined the Reed faculty in 1954.
Stevens was Jorgenson’s undergraduate thesis adviser. After graduating from Reed in 1955,
Stevens encouraged Dale to go to Harvard for his Ph.D.
Dale found Harvard to be a multi-cultural and diverse place, even in the 1950s. He made
lifelong friends from around the world. He was in a hurry to get on with his life and career and
finished his Ph.D. in 3½ years under Wassily Leontief’s supervision. His thesis, entitled “Duality
and Stability in Dynamic Input-Output Analysis,” analyzed and extended aspects of Leontief’s
(1953) dynamic input-output model.
After receiving his Ph.D. in 1959, Dale started at U.C. Berkeley as an assistant professor.
His rise in the profession was swift. He was tenured in 1961 and promoted to full professor in
1963, at age 30. He visited the University of Chicago for a year in 1962-3, where he began an
important if short collaboration with Zvi Griliches, highlighted by Jorgenson and Griliches
(1967). We discuss that seminal paper in the next section.
In 1969, Harvard persuaded Dale to leave Berkeley and return to Harvard. He arrived the
same year as Zvi Griliches and a year after Kenneth Arrow. Dale thought Harvard could be
better than it was, and Dick Caves, the chair of the economics department, told Dale that this
was his chance to help rebuild the department. Caves wanted to modernize (and
mathematicise) the department—with a goal of helping it to compete with MIT’s economics
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department downriver. Dale and Zvi were two of the brightest young empirical economists in
the country.7
In 2002, Dale was named a University Professor, Harvard’s highest honor. Among other
things, that gave Dale the right to teach whatever he wanted. Following the financial crisis, Dale
began teaching two new undergraduate courses. In his initial offerings, “Growth and Crisis in
the World Economy” and “The Rise of Asia and the World Economy,” he provided up-to-theminute data and analysis that kept the students engaged. He wanted to have time to work with
each student, so he aimed for an enrollment of 30. When the first-class day was standing room
only, Jorgenson was forced to pare down the nearly 150 applications to a more manageable 40.
In his mid-70s, Dale began forming meaningful personal and academic bonds with students
nearly 60 years his junior.
Dale’s faculty assistant, Trina Ott, says that students found Jorgenson intimidating, with
his requisite sport coat, tie and stiff upper lip. But it was a course requirement that students
meet with him. So students would come with trepidation to their first meeting, carrying notes
and reading materials. But then Dale would ask about their hobbies, hometown, siblings, and
extracurricular activities, as well as economics. He became a familiar face at Harvard House
dinners, where students were encouraged to invite favorite professors each semester.
Dale and his wife Linda reciprocated by inviting the students to their home. The students would
chat with Jorgenson about their aspirations and interests. Dale would tell stories of his work
throughout the world, such as a spring-break visit to meet with Japan’s Prime Minister Shinzo
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Abe, or a summer visit with Republic of China’s President Ma Ying-jeou. Two consecutive
Harvard senior classes voted Dale as one of their favorite professors.
Linda often travels with Dale and attends his conferences and seminars. Linda is a lively,
energetic, and personable attorney. “Linda is a lot more colorful than Dale,” a Harvard
colleague told me. That comment is more a reflection of Linda than Dale. Professionally, Linda
is one of the foremost legal experts on cases of sexual misconduct by psychiatrists and
psychologists. But despite her professional obligations, she actively engages with Dale’s
research: They talk about his research over dinner, she analyzes the reactions of audiences to
Dale’s talks, and she happily interacts with his colleagues.8 Those who know Dale regard the
couple as a close team.
Dale and Linda’s teamwork was evident in the raising of their two children, Eric and Kari.
Eric has Ph.D. in human genetics from Stanford; Kari has a law degree from Columbia. Eric and
Kari reportedly say that their father was primarily responsible for raising them. Dale worked
from home three days a week, so he was often there when the kids came home from school.
However, Linda was always responsible for discipline because, she told me, “Dale is really,
really nice.”
Dale travels extensively, mostly internationally. He began research on Japan in the
1970s; he started research on China in the mid-1980s. He went to Japan and China at least once
a year from 1990 until the pandemic (with the exception of 2018). His World KLEMS work has
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regularly taken him to Europe, Latin America, and Asia. He has received nine honorary degrees
from universities around the world, including six in Europe and three in Asia. Few if any Harvard
economics professors have had as much global impact.
Dale has contributed in many ways to the economics profession beyond his research.
Here are just a few examples. He served as president of the Econometrics Society (1987) and
the American Economic Association (2000). He was elected to the National Academy of
Sciences in 1978 and served as Chairman of the Economic Sciences section from 2000 to 2003.
In 1991, he was a Founding Member of the Board on Science, Technology, and Economic Policy
of the National Research Council; he served as the Board’s Chair from 1998 to 2006.
A number of his roles helped advance Jorgenson’s long-standing interest in having data
and data systems that were grounded in economic theory. For example, he has served for
several decades on the Bureau of Economic Analysis’s (BEA) Advisory Committee, including
serving as Chair from 2004 to 2011. He was also a member of the U.S. Commerce Secretary's
Advisory Committee on Measuring Innovation in the 21st Century Economy from 2006 to 2008.

4. Major research themes
As already noted, Jorgenson has written prolifically and broadly. Some of Dale’s early
work was pure economic theory. But most of his research has been empirical, typically
motivated by big-picture academic and policy debates. Of course, even his most applied
research has been solidly grounded in economic theory.
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Nobel prize winner Kenneth Arrow has described Jorgenson as “one of [the] deepest
and most energetic students” of “neoclassically based empirical analysis.”9 Jorgenson typically
has found little role for externalities or non-constant returns. In several areas, Jorgenson’s
research opened up and has shaped entire fields. These include the empirical modeling of
investment, where the field was shaped by his classic (1963) article. It also includes productivity
and growth accounting, where modern practice follows the path that Dale blazed in a number
of important papers.
Jorgenson’s research has addressed a wide range of policy-relevant macroeconomic
questions. These include, but are certainly not limited to, the following:
•
•
•
•

•
•

Understanding the process of economic growth in the United States and other
countries (e.g., Jorgenson and Griliches, 1967; Jorgenson, Gollop, and Fraumeni,
1987).
Understanding the role of information technology in the productivity acceleration of
the 1990s (e.g., Jorgenson, Ho, and Stiroh, 2005).
Characterizing the economic effects of energy-price shocks and policies designed in
response to those shocks (e.g., Hudson and Jorgenson, 1974).
Modeling and measuring welfare in a world with heterogeneous agents; and
considering the empirical implications for standards of living, inequality, and the cost
of living (e.g., Jorgenson, Lau, and Stoker, 1982; Jorgenson and Slesnick, 1984, and
Jorgenson, 1990).
Assessing how alternative tax policies would affect growth and well-being (e.g.,
Jorgenson and Yun, 1986a, 1986b).
Considering fiscal policies that would address climate change and, simultaneously,
improve the efficiency of the economy (e.g., Jorgenson, Goettle, Ho, and Wilcoxen,
2014).

Often, he addressed policy debates by building theoretically consistent, multi-sector,
intertemporal general equilibrium models that could be estimated econometrically. For the
models to be internally consistent and for the estimation to be reliable, it was important to
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measure the data accurately and appropriately—in a way consistent with theory. With the
estimated model in hand, Jorgenson and his collaborators could undertake policy
counterfactuals.
As noted in the introduction, Jorgenson is perhaps best known in the broader economics
profession for his seminal work on investment, growth accounting, and the econometric
modeling of producer behavior. Certainly, in terms of both theory and practice, these
contributions have been profound, pervasive, and lasting for the economics profession.
I discuss those areas in some detail below. But as the discussion highlights, his
contributions go well beyond those areas. One could equally highlight his important
breakthroughs in the econometric modeling of consumption with heterogeneous households,
or in developing new tools for applied welfare analysis. Where possible, I bring other
contributions into the discussion. In Section 5, I discuss some of the ways in which Jorgenson’s
research and advocacy have influenced official economic measurement.
Three themes run through this discussion. First, investment and the cost of capital play
an important role in many of Jorgenson’s papers, because they allow a dramatic simplification
of the complicated intertemporal environment. Second, different parts of Jorgenson’s research
form crucial building blocks for constructing realistic, econometrically estimated, intertemporal
general equilibrium models. These models are necessary for policy counterfactuals. Third,
Jorgenson consistently uses economic theory to inform data collection and measurement
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We now turn to investment, where Jorgenson’s (1963) paper on “Capital Theory and
Investment Behavior” started him on an intellectual path he would follow for the next six
decades.10

4.1. Investment
Understanding investment is crucially important for understanding both business cycles
and economic growth. The volatility of business investment contributes to the volatility of
aggregate activity and business cycles. And, through the accumulation of tangible and
intangible capital, investment is a central driver of economic growth.
Jorgenson’s seminal 1963 paper transformed theoretical and empirical work on
investment. Indeed, the way economists model investment has been critically shaped by what
the investment literature refers to as “Jorgenson’s Neoclassical Model” (e.g., Chirinko, 1993).
Why was Jorgenson’s investment research so transformative? As the opening sentence
of Jorgenson (1963) reads, “There is no greater gap between economic theory and econometric
practice than that which characterizes the literature on business investment in fixed capital.”
The 1963 paper closed that gap.
The key insight of Jorgenson’s approach was that the demand for investment is a
derived demand from the value of capital as a factor of production. Jorgenson started from a
neoclassical model of production. The optimizing first order conditions implied that the

10

Lau’s (2000b) excellent survey of the first three decades of Jorgenson’s research career highlights
these two themes of the cost of capital and intertemporal general equilibrium modeling. Other
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several of those chapters in what follows.
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marginal product of capital should be equated to the user cost of capital, that is, its implicit
rental rate.
The model gave a closed form for the cost of capital. That cost in general depends on
the nominal interest rate, the depreciation rate, and the rate of change in the price of the
investment good. It also depends on various tax considerations.11 Jorgenson showed how to
take the first order condition for the optimal capital stock and use it to obtain the demand for
investment under the assumption that there were gestation lags. Indeed, the paper introduced
new econometric methods for modeling these gestation lags in a parsimonious way (methods
formalized in Jorgenson, 1966).
The paper was at the methodological forefront of empirical work: It used an optimizing
theory to organize and guide data measurement and statistical analysis. Bob Hall, an
undergraduate advisee of Dale’s at Berkeley (and later Dale’s coauthor and prominent
academic in his own right), told me, “We take that paper structure for granted today. But
previous empirical work on investment was largely ad hoc, guided loosely by intuition rather
than clear theory.”
The key feature of the model, the cost of capital, showed how to measure the service
flow of capital. The cost of capital is the “shadow price or implicit rental of one unit of capital
service per period of time” (Jorgenson, 1963, p. 249.) Given an appropriately measured cost of
capital, the inherently multi-period, dynamic problem of the firm can be modeled as a static
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Jorgenson (e.g., 1996a, p. xiv) defines the “user cost of capital” as the rental price of capital services,
given by the product of the cost of capital and the real price of the investment good. In what follows, I
will often refer simply to the cost of capital, which is the rental rate per real dollar of capital.
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problem. The cost of capital incorporates all of the information about (expected) future prices
that affect the current behavior of the firm.
In subsequent work, tax considerations loomed particularly large. Jorgenson’s initial
1963 exposition included taxes on capital. Hall and Jorgenson (1967) extended the model and
showed how the framework could incorporate quite detailed features of the tax code. Those
taxes affected the cost of capital formula, which in turn affected the desired capital stock and,
as a result, demand for investment. They further showed how to use the model for
counterfactuals regarding how changes in the tax code would affect capital accumulation and
economic activity over time.
The cost of capital became the central theoretical concept for studying the effects of
taxes, and changes in taxes, on capital accumulation. For example, the effects of a wide range
of taxes can be summarized through a single marginal effective tax rate (Auerbach and
Jorgenson, 1980).12
In 2011, the American Economic Review (Arrow et al., 2011) looked back on its first
century, and sought to identify the 20 most important papers it had published over that period.
Jorgenson (1963) was one of the 20. Interestingly, it was a Papers and Proceedings paper,
rather than a “regular” AER paper. The AER citation reads:
This paper provided a theoretical framework for investment behavior based on a
neoclassical theory of optimal capital accumulation. The paper introduced the user cost
of capital as the key variable that combines the cost of finance (interest rates and equity
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In my conversation with Bob Hall on 24 August 2021, I referred to Jorgenson (1963) several times as
the “cost of capital paper.” Bob chided me. “It’s the investment paper!” he said. It is, of course, both.
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yields) and tax rules (tax rates, depreciation schedules) and combined this user cost
measure with the Cobb-Douglas production technology to obtain a desired stock of
capital. Jorgenson then used the resulting implied optimal capital stock to derive an
econometric equation for investment. Generalizations of the Jorgenson framework (e.g.,
to allow for more general production functions) made this the standard approach to the
empirical study of the determinants of investment. The user cost of capital also became
the key concept for the theoretical study of the effects of alternative tax rules.
The concept of the cost of capital is largely taken for granted by economists today; only rarely
are Jorgenson (1963) or Hall and Jorgenson (1967) cited explicitly. Other economists had
written about the general concept of the cost of capital.13 But Jorgenson showed how to use
the theory to derive investment demand under a broad set of conditions.
Dale’s research started the investment literature on a path that it has continued to this
day. Chirinko’s (1993) survey observes that, because of the logical clarity of the Jorgenson
approach—where the modeling assumptions are clear and explicit—it provided a roadmap for a
vast range of subsequent theoretical, empirical, and policy-oriented research. The results have
sometimes been complementary, sometimes competing. But the Jorgenson framework has
remained the benchmark for comparison. For example, Hayashi (2000) explicitly relates the
Jorgenson cost-of-capital approach to more recent q-theories of investment as well as theories
of investment irreversibility. He highlights the essential role played by Jorgenson’s cost of
capital in these different approaches.
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In 1971, the American Economic Association awarded Jorgenson its John Bates Clark
medal, given every other year to the top economist under the age of 40. The Association’s
(1971) citation reads:14
Dale Jorgenson has left his mark with great distinction on pure economic theory (with,
for example, his work on the growth of a dual economy); and equally on statistical
methods (with, for example, his development of estimation methods for rational
distributed lags). But he is preeminently a master of the territory between economics
and statistics, where both have to be applied in the study of concrete problems. His
prolonged exploration of the determinants of investment spending…will certainly long
stand as one of the finest examples of the marriage of theory and practice in economics.
The citation highlights the hallmarks of Jorgenson’s research: Clear theory, data that is
consistent with theory, and sound econometrics. His central focus has always been applied, but
his research was grounded in theory.
The 1963 paper set Jorgenson on the research path that he has followed for the rest of
his career. As we discuss below, Jorgenson has consistently emphasized the role of investment
in tangible and human capital in driving economic growth.
In addition, the cost of capital is a thread that connects the 1963 paper with production
theory, growth accounting, national income accounting, measurement, and econometric
modeling—all areas where Jorgenson has made seminal contributions. For Jorgenson’s 60th
birthday, in 1993, a group of his long-time collaborators organized a surprise birthday
conference. The proceedings of that conference were published as Lau (2000a), under the title
“Econometrics and the cost of capital.” The papers covered a wide range of topics related to
Jorgenson’s research, and the cost of capital played an important role in almost every chapter.
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4.2. Productivity and growth accounting
Economic growth has driven massive gains in economic well-being around the globe. But where
does output come from, and why does it grow? A considerable body of Jorgenson’s research
has focused on understanding the sources of economic growth in the United States and other
countries. Jorgenson has consistently emphasized the role of factor accumulation in explaining
growth, with a particular focus on tangible and human capital investment.
Ultimately, output depends on the ability of firms to produce goods and services, which
in turn depends on their technology and the inputs they employ. Growth accounting seeks to
understand, at least proximately, the role of these different contributors to growth. It provides
insights into the resource constraints societies face.
As Zvi Griliches (1996) discusses, the first attempts at accounting for the sources of
growth—by relating deflated output to deflated measures of inputs—go back at least to the
1930s. Solow’s celebrated 1957 paper brought neoclassical theory to bear on the growth
accounting. Solow’s theory provided a framework and language to organize thinking.
Jorgenson and Griliches drove much of the subsequent development of that research
agenda. For this reason, Hulten (2002) refers to modern growth accounting as “the SolowJorgenson-Griliches revolution.”
The seminal paper was Jorgenson and Griliches (1967), which conceptualized aggregate
growth accounting in a way that has remained standard ever since. That paper integrated
elements of previous research by both Jorgenson and Griliches, including an earlier joint paper
on capital services (Griliches and Jorgenson, 1966). As Griliches (1991, p. 193) describes
Jorgenson and Griliches (1967):

18
It brought together Jorgenson’s work on Divisia indexes, on the correct measurement of
cost of capital, and on the right aggregation procedures for it, with my own earlier work
on the measurement of capital prices and quality change and the contribution of
education to productivity growth.
Jorgenson and Griliches (1967, p.249) took as their starting point that “…the economic
theory underlying the measurement of real product and real factor input has not been fully
exploited.” They emphasized the importance of measuring quantities of output and quantities
of inputs in a theoretically correct manner—as suggested by the Griliches quote above. They
argued that using theoretically appropriate measures made an enormous difference in
accounting for the sources of growth.
The first challenge they addressed was to use appropriate measures of real output.
Economic theory implies that, for measuring productivity, output growth should be measured
as a Divisia index—as share-weighted growth in the components of expenditure. In discrete
time, this means that prices should be allowed to change period by period, that is, the indexes
should be “chain linked.” At the time, and for many years afterwards, the national accounts
defined the level of real output using constant base-year prices, which is only appropriate for
productivity measurement if consumption and investment goods are perfect substitutes in
production. Almost thirty years later, in 1996, the U.S. national accounts finally introduced
chain-linked indexes.15
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Second, Jorgenson and Griliches argued that official constant-quality price indices for
investment goods overstated price increases and, therefore, understated quality-adjusted
growth in investment and output. Griliches was, of course, one of the key players in introducing
hedonic methods to control for quality changes.16 And Jorgenson, throughout his career,
emphasized the importance of accurate constant-quality price indices. Starting in the 1980s,
the U.S. national income and product accounts began measuring constant-quality price indexes
for computers and eventually other products as well.
Third, Jorgenson and Griliches showed how to aggregate capital and labor services in a
setting with heterogeneous inputs of capital and labor. With a neoclassical production function,
heterogeneous inputs should be weighted by marginal products in order to allow for imperfect
substitutability across inputs. With perfect competition, these marginal products are given by
factor prices—wages and capital rental rates. Jorgenson’s (1963) work on investment showed
that the cost of capital provided the appropriate, if implicit, rental prices for different types of
capital. For example, a dollar’s worth of equipment needs to rent for a higher price (and
provide a higher annual service flow) than a dollar’s worth of an office building, because the
equipment will depreciate much more quickly. Similarly, highly educated, high-wage workers
presumably have a higher marginal product than less educated, low-wage workers. Hence, even
if total hours worked didn’t change, labor input could rise if the composition of hours shifted
towards higher wage, higher marginal product workers.
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Griliches (1991) discusses his work on hedonics, including antecedents to Jorgenson and Griliches
(1967).
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Aggregating the service flows from different types of capital and labor has remained
central to growth accounting ever since, and it is now the standard in international statistical
practice (officially endorsed decades later, as discussed in Section 5). Previous work, including
Solow (1957), had used the aggregate capital stock, which weights heterogeneous capital based
on investment prices rather than user costs; and most of previous work had used crude
measures of labor input—whether hours worked or, even cruder, the number of workers. A
considerable body of research since Jorgenson and Griliches has found that, (mainly) because of
rising educational attainment, labor input grows more rapidly than raw hours.17 And
appropriately measured capital services has grown faster than the capital stock because of
substitution over time towards faster depreciating types of capital.
Jorgenson and Griliches (1967) proposed the extreme hypothesis that, correctly
measured, input growth would account for all of output growth, so that the residual of “total
factor productivity” (TFP) would be negligible. In contrast, prior research, including Solow’s
important 1957 paper, typically found that TFP accounted for the majority of economic growth.
Jorgenson and Griliches seemed to find evidence that, after correcting output and inputs for
measurement errors, input growth did explain almost all output growth. Subsequent work has
eroded the stark nature of this finding—including fairly soon thereafter by Jorgenson and
Griliches themselves (1972), in a reply to a range of criticisms by Edward Denison (1969) as well
as their own improved data.
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Griliches (1960) had earlier developed a similar index of weighted labor input for agriculture. See also
Denison (1962), who also constructed labor input measures that accounted for worker heterogeneity.
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Nevertheless, the broad takeaway has remained true in subsequent work: Input growth
explains the bulk of observed output growth. Input growth, of course, includes growth in both
tangible and human capital. These forms of capital, in turn, depend on investment—whether by
individuals (deciding how much education to receive), businesses (deciding on equipment and
structures), or governments (deciding on infrastructure). This takeaway thus dovetailed nicely
with Jorgenson’s research on investment. In addition, it helps motivate the policy focus of
Jorgenson’s general equilibrium modeling, described below, in which growth is sensitive to
policies that stimulate investment and, thereby, factor accumulation.
Jorgenson and Griliches (1967) was written when Jorgenson was at Berkeley and
Griliches was at Chicago. In 1969, they became colleagues at Harvard. Despite their continuing
interest in understanding economic growth and the role of technical change, they did not
continue joint research. As Jorgenson told me, “After our work together, Zvi and I went off in
different directions. I worked on macro data, he worked on micro data. And eventually, we
came to similar conclusions.” For example, both emphasized the role of investment. Jorgenson
focused especially on tangible investment and human capital; Griliches highlighted the role of
research and development (R&D) as a capital stock of knowledge, and its role in explaining
residual growth in TFP.
In following decades, Jorgenson continued to develop, refine, and extend growthaccounting methods, with an aim of better understanding the sources of overall economic
growth as well as its welfare implications. An important byproduct of this growth-accounting
agenda is what has been called “The Jorgenson System of National Accounts” (Fraumeni, 2000,
and Reamer, 2021). Fraumeni (2000, pp. 111) writes:
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The Jorgenson system of national accounting, with the cost of capital formulation at its
core, has made a singular contribution to economic analysis… The Jorgenson system of
national accounts is a complete and integrated set of national accounts with a
production account, income and expenditure account, an accumulation account and a
wealth account in current and constant dollars. This set of accounts taken together
forms a complete and consistent set of accounts suitable for economic analysis…
The standard national accounts include some pieces of the Jorgenson system, including a
production account in nominal terms, as well as expenditure in nominal and real terms. But it
has not, historically, included inputs in real terms (let alone adjusted for input heterogeneity
along the lines of Jorgenson and Griliches, 1967); nor is saving explicitly linked with the
accumulation of assets and liabilities, that is, with a national balance sheet.
Jorgenson developed his distinctive system of national accounts with a range of
collaborators. A few key landmarks were the Christensen-Jorgenson (1973) national accounts,
the Jorgenson, Gollop, and Fraumeni (1987) sectoral accounts, and the Jorgenson-Fraumeni
(1989, 1992a, 1992b) human capital accounts. I discuss each of these in turn.
First, Christensen and Jorgenson (1973) extended the existing national accounts. The
goal was to record all the links in the economy consistently in both current and constant prices.
Production is linked to income; income is linked to consumption and saving; saving is linked to
capital formation and changes in balance sheets. Balance sheets are then linked to service flows
of capital assets into production and consumer durables into consumption.
Christensen and Jorgenson focused on the private sector, though Jorgenson
subsequently applied the same ideas to the public sector. The production account—the one
most closely linked to conventional growth accounting à la Jorgenson and Griliches (1967)—
included nominal and real output. But, unlike the standard national accounts, the production
account also included inputs in real terms. These constant-quality input measures extended
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Jorgenson and Griliches’s approach of weighting heterogeneous capital and labor input growth
using factor prices.
The Christensen-Jorgenson income and expenditure accounts were more directly
related to welfare. Expenditures were divided into consumption and saving. Unlike the
standard national accounts, spending on consumer durables were counted as a form of saving,
with the service flow from the resulting stock, estimated via their user costs, added to the flow
of consumption services.
An accumulation account mapped saving and investment to changes in national wealth
and capital formation. The wealth account showed the value of the stock of assets. Finally, the
service flows from these assets, measured with user costs, showed up in various earlier
accounts—including inputs in the production account and the service flow from consumer
durables in the expenditure account. Thus, the system was internally consistent in showing how
any transaction tracked through the economy.
A second major innovation in the Jorgenson System of National Accounts was to
disaggregate by industry. For many purposes, such as understanding productivity slowdowns
and speedups, such disaggregation is desirable; the insights available from assuming the
existence of an aggregate production function are necessarily more limited. Considerable work
by Jorgenson and his collaborators in the 1970s and 1980s (starting with Berndt and Jorgenson,
1973, and extended in Fraumeni and Jorgenson, 1981) culminated in the seminal book by
Jorgenson, Gollop, and Fraumeni (1987), which provided a granular, industry-by-industry
analysis of the sources of U.S. economic growth.
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This project required “a truly massive empirical research effort” (Jorgenson, 1988, p.
39). For example, it required nominal and real inputs and outputs at an industry level that were
fully consistent with economic theory and with the aggregate values for these variables. The
underlying data sources had often been collected for different purposes, so they required
considerable merging and reworking.18
At an economy-wide level, the appropriate concept of output is value added. But at an
industry level, it is gross output. As Domar (1961, p.716) put it, value added is “shoes lacking
leather and made without power.” Understanding the nature of shoe production, for example,
requires data on the nominal and real purchases of leather, power, and other purchased
intermediates. Thus, to construct the industry data, it was necessary to compile a complete set
of annual interindustry input-output tables in both real and nominal terms that were consistent
with the national accounts. The output of one industry may be another industry’s intermediate
input. Hence, productivity or other changes in one industry may affect other industries through
these input-output linkages. This industry focus thus provided a conceptual link between
aggregate growth accounting and Leontief’s (1953) input-output analysis.
Jorgenson, Gollop, and Fraumeni differentiated four main categories of inputs: primary
inputs of capital, K, and labor, L; and intermediate inputs of energy, E, and materials, M.
Subsequent so-called KLEMS datasets largely follow their lead, but also break out services, S,
from intermediate purchases of materials. All inputs, of course, are differentiated by industry
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See the data appendix to Jorgenson (1988) for a concise presentation of the underlying sources.
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and are each constructed as Törnquist or Divisia indices of heterogeneous subcomponents,
which allows for imperfect substitutability among them.19
A third innovation in the Jorgenson system of national accounts was complete
accounting for human capital and the value of non-market time (Jorgenson and Fraumeni,
1989, 1992a, 1992b).20 On the human capital side, the basic idea is that individuals each own
some stock of human capital; their wage is the annual service flow from that stock. Individuals
can augment their human capital stock through investments in education. Thus, given lifetime
incomes, it is possible to estimate that capital stock.
The values of human capital and non-market activity are enormous. As Fraumeni (2000,
p.142) notes, “...the incorporation of human capital and nonmarket activities results in
aggregates that are higher by an order of magnitude…” The flow of educational investment is
treated as part of market output. Hours not spent on necessary maintenance (such as sleep) are
used to work, go to school, or for non-market purposes. Jorgenson and Fraumeni added the
value of those hours to overall output. The Jorgenson- Fraumeni approach reflects Jorgenson’s
consistent focus on theory-driven measurement.
As we discuss in Section 5, the first two innovations (consistent social accounts for
production, income, expenditure, and wealth; and KLEMS datasets) have had considerable
impact on practical (and often official) measurement across countries. Indeed, the official
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Jorgenson has regularly updated the U.S. industry KLEMS dataset with a range of coauthors, including
Barbara Fraumeni, Mun Ho, Kevin Stiroh, and Jon Samuels.
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The basic vision for human-capital accounting was previewed in the conclusion to Jorgenson and
Griliches (1967, p. 275): “Investment in human capital could be cumulated into stocks…The flow of
investment could be treated as part of total output.”
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accounts have moved closer to the Jorgensonian ideal over time. The Jorgenson-Fraumeni
human capital accounts have also had an important conceptual impact, as well as some
practical impact, by showing the massive importance of human capital and related investments
as sources of wealth.
Growth accounting, including the Jorgenson System of National Accounts, is interesting
in its own right for understanding the drivers of economic growth. But Jorgenson has always
focused on developing tools and approaches to address major economic issues. These included
understanding why productivity growth slowed in the 1970s—even after controlling for the
various sources of mismeasurement discussed in Jorgenson and Griliches (1967) and accounting
for the further refinements introduced in Jorgenson’s later work. In Jorgenson’s analysis, as
summarized in Jorgenson, (1988), energy-price increases played a key role in the productivity
slowdown. In his econometric work, higher energy prices were associated with an endogenous
reduction in TFP growth in 29 out of 35 industries.
But in the mid-1990s, the productivity slowdown ended. From the mid-1990s to the
mid-2000s, productivity growth returned to a very rapid pace. Jorgenson’s analysis of the
productivity speedup helped shape and quantify the broader consensus on the central role of
information technology in that speedup (e.g., Jorgenson and Stiroh, 2000; Jorgenson, 2001; and
Jorgenson, Ho, and Stiroh, 2005). Jorgenson’s insights built on his earlier research on the cost of
capital and investment, as well as his growth-accounting findings concerning the role of
investment and capital accumulation as a driver of economic growth.
In particular, the relative prices of information technology (IT) equipment and software
were falling rapidly, a reflection of rapid technical progress in IT-producing industries. This IT
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price decline provided a powerful incentive for the diffusion of IT. The economy saw a massive
accumulation of IT capital as well as a substitution of IT for non-IT inputs. This factor
accumulation drove the growth acceleration even beyond the direct TFP acceleration in
producing IT equipment and software.
One can see many threads of Jorgenson’s earlier research in the analysis of the 1990s
productivity pickup. First, it was essential that the U.S. national income and product accounts
had developed constant-quality price indices for computers and other IT equipment—a
recommendation of Jorgenson and Griliches (1967). Second, the incentives for massive IT
investments could be analyzed in the framework of Jorgenson (1963). Third, rapidly falling IT
prices meant that the cost of capital—the implicit rental cost of a dollar of computers—was
very high; in other words, businesses needed a high return per dollar of IT capital, to offset the
fact that IT goods would be much cheaper the following year. (This is in addition to the fact that
IT capital depreciates quickly, which also raises its cost of capital). This meant that fast-growing
IT capital received a very high weight in a capital-services index. As a result, adjusting
appropriately for the composition of the capital stock boosted the measured contribution of
capital to growth. Finally, to identify the importance of IT intensity in different sectors, as well
as substitution possibilities, Jorgenson’s research relied on an updated and extended industry
KLEMS dataset (see Jorgenson, Ho, and Stiroh, 2005).
Jorgenson always had an interest in studying economic growth beyond the United
States. For example Ezaki and Jorgenson (1974) constructed national accounts for Japan that
paralleled the Christensen-Jorgenson (1973) U.S. accounts; Conrad and Jorgenson (1975)
presented comparable accounts for West Germany. Jorgenson and Nishimizu (1978) pioneered
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a methodology for bilateral comparisons of output, input, and productivity. Christenson,
Cummings, and Jorgenson (1981) provided international comparisons for the G7 and beyond.21
More recently, Jorgenson has applied his growth-accounting techniques to the study of
China’s economy. Jorgenson serves as the head of the economics group of the Harvard-China
Project on Energy, Economy and Environment (also known as the “Harvard-China Project”). For
example, Cao et al (2009) analyze the industry sources of China’s rapid economic growth,
finding that rapid growth in the 1980s and 1990s mainly reflected factor accumulation.

4.3. Econometric and general equilibrium modeling
Jorgenson’s research on investment and growth accounting stand on their own. But
they also form an important foundation for Jorgenson’s continuing goal of building realistic,
empirically estimated, intertemporal general equilibrium models that can be used for policy
analysis. Indeed, one impetus for careful and detailed growth-accounting data was to develop
the required input for econometric estimation of producer behavior. That producer block, in
turn, was a central piece of general equilibrium models.
Econometric estimation has been a key point of differentiation of Jorgenson’s general
equilibrium modeling. Many computable general equilibrium models instead employ more
easily available parameters that might be estimated over data that are not the subject of the
model—for example, using data from different countries, periods, or sectors.
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Masahiro Kuroda was an important collaborator in research on Japan. See, for example, Jorgenson,
Kuroda, and Nishimizu (1987) and Jorgenson and Kuroda (1990).
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Several of Dale’s earliest theoretical papers had focused on general equilibrium growth
models. These included his PhD thesis (published as Jorgenson, 1960), which explored the
stability of dynamic input-output growth models. They also included his 1961 paper on the
“Development of a Dual Economy.” That paper looked at an economy with a traditional and
modern sector. Both sectors followed neoclassical principles. In that way, it contrasted with W.
Arthur Lewis’s “classical” model where agriculture had surplus labor—that is, where the
marginal product of labor in the agricultural sector was zero. The policy implications of the
Jorgenson and Lewis models were quite different. In Jorgenson’s neoclassical model, the key to
breaking out of a low-level equilibrium trap was to develop an agricultural surplus, which freed
workers for the industrial sector. In contrast, in Lewis’s classical model, some external impetus
to industrialization was necessary to draw zero-marginal-product workers away from the
agricultural sector.
In the early 1970s, energy prices rose sharply. In response, Jorgenson began developing
econometric general equilibrium models to address how economies responded to changes in
energy prices and to understand the effects of energy-conservation policies. This led to a
number of papers with Edward Hudson (e.g., Hudson and Jorgenson, 1974, 1978) that
examined the link between energy prices, energy conservation, and economic growth.22
These models disaggregated across sectors of the economy. Energy use differs across
sectors, and they respond differently to changes in energy and other input prices. Equally
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Jorgenson (1998a, p.xvi) describes the beginnings of this research agenda in 1972, under the auspices
of the Ford Foundation’s Energy Policy Project. That volume summarizes Jorgenson’s early work using
econometric general equilibrium models to understand energy markets. The description below draws
heavily on volume’s preface.
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importantly, an energy shock is, by its very nature, a shock transmitted through inter-industry
(input-output) relationships.
Jorgenson’s general-equilibrium models use the neoclassical production theory
underlying the growth-accounting methods described earlier. Starting with Christensen,
Jorgenson, and Lau (1971, 1973), Jorgenson steadily refined his econometric modeling of
producer behavior.23 That 1973 paper introduced the transcendental logarithmic (translog)
functional form for production, cost, or profit functions. With that flexible functional form,
factor substitution, factor biases, and other features of technology could be determined
econometrically by the data, not pre-specified by the functional form. For example, inputoutput coefficients were endogenous variables, depending on input prices.24
Hudson and Jorgenson used the nine-industry dataset constructed in Berndt and
Jorgenson (1973), along with the econometric approach to modeling producer behavior from
Christensen, Jorgenson, and Lau (1973). The endogeneity of input-output coefficients was
crucial for allowing a role for energy conservation policies, whose inherent goal was to reduce
the energy intensity of production. This flexibility contrasts with the exogenous, fixed
coefficients assumed by Leontief (1953) and many general equilibrium models that followed.
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Both Christensen and Lau were Ph.D. students of Jorgenson’s at Berkeley.
Diewert (1976) links flexible functional forms, such as the translog, to index numbers used in growth
accounting. Remarkably, if the production function takes the translog form that Jorgenson and his
collaborators assumed, then the Törnquist (or translog) growth-accounting formulas used by
Jorgenson is exactly correct, not just an approximation. Christensen, Jorgenson, and Lau (1973) also
estimate a production possibility frontier with two not-perfectly-substitutable outputs—consumption
and investment.
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Indeed, factor shares did change dramatically following the energy-price shocks, so the
flexibility mattered for fitting the data and capturing the economic trade-offs.
In these early general equilibrium models, household preferences were given by a
translog indirect utility function for a representative consumer, as introduced by Christensen,
Jorgenson, and Lau (1975). This function allows a greater degree of flexibility compared to the
Cobb-Douglas (or, slightly more general, the constant elasticity of substitution) functions that
were commonly used. With these preferences, budget shares could change endogenously as a
function of energy (and other) prices. This provided an additional channel for policy to influence
energy use. Because leisure entered the utility function, labor input was also endogenous.
The cost of capital played a central role in making the general equilibrium model
intertemporally consistent. As Jorgenson (1963) had shown, the cost of capital was a key
determinant of demand for capital services; it incorporated the expectations about future
relative prices that mattered for decisions today. The accumulation of capital, in turn, played an
important role in the process of economic growth. The cost of capital also mattered for
consumption-savings decisions of households, since household decisions about consumer
durables (including owner-occupied housing) are also an intertemporal decision.
In addition, the Hudson-Jorgenson model was consistent with the ChristensenJorgenson (1973) national accounting system, described earlier. That system integrated
production, investment, the capital stock, and capital services into a consistent set of accounts.
Estimating these models econometrically required new statistical tools, since the model
was nonlinear and prices were endogenous. Jorgenson and Laffont (1974) developed new
econometric methods appropriate for estimating this kind of non-linear system of equations.
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Gallant and Jorgenson (1979) provided tools for statistical inference in such models. (Lars
Hansen, 1982, extended and generalized the approach with his generalized methods of
moments.)
Jorgenson continued to develop and refine his econometric intertemporal general
equilibrium models in later decades. In terms of the intertemporal block of the model,
Jorgenson and Yun’s (1986a, b) analysis of alternative tax policies introduced several
innovations that improved the intertemporal consistency of the model, beyond simply
incorporating the cost of capital. First, the paper incorporated a forward-looking econometric
model of household behavior, based on Hall’s (1978) Euler equation approach. Second, the
paper added an intertemporal price system, in which asset prices equal present values of future
prices of capital services. Finally, the model was then solved with rational expectations, making
the model fully internally consistent intertemporally.
Other refinements to Jorgenson’s general equilibrium modeling involved adding blocks
that were developed in Jorgenson’s ongoing research on econometric modeling of production,
consumption, and welfare. I mention a few examples here.
In terms of industry disaggregation, Fraumeni and Jorgenson (1981) extended the
general equilibrium model to include an econometric model of production for 35 industries, the
same later ones used in Jorgenson, Gollop, and Fraumeni (1987). That 35-industry/commodity
model was used in later general equilibrium models as well.
On the household side, Jorgenson’s early general equilibrium models had assumed
there was a representative consumer. Jorgenson’s first steps in relaxing this assumption
focused on modeling consumer demand on its own, rather than fitting it into a general
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equilibrium model. Unfortunately, Jorgenson and his collaborators (starting with Christensen,
Jorgenson, and Lau, 1975) found that statistical tests “…have strongly adverse implications for
models of consumer demand based on the model of a representative consumer…” (Jorgenson,
1997a, p. xvii).
Given that the representative consumer paradigm had neither a theorical nor a
statistical rationale, Jorgenson introduced econometric methods to allow household
heterogeneity in preferences. Allowing every household to have unique and idiosyncratic
preferences would not have been implementable without detailed accounting for every
household over time. But Jorgenson, Lau, and Stoker (1982) implemented a practical method by
allowing preferences to depend on a parsimonious set of household demographic
characteristics (e.g., family size and the age of children).25
As was often the case with Jorgenson’s research, estimating the model required
Jorgenson to develop new econometric techniques, in this case for pooling aggregate time
series and individual cross sections. Jorgenson and Stoker (1986) presented the required
statistical methodology.
Welfare analysis was a relatively short additional step. Conceptually, Jorgenson, Lau,
and Stoker (1982) were estimating indirect utility functions for each individual in the economy.
Welfare analysis is then a question of how to weight the utilities of different individuals. Doing
so requires a social welfare function (as originated by Abram Bergson, 1937) as well as cardinal
measures of individual welfare that can be compared (see Amartya Sen, 1977).
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This work implemented Lau’s (1982) theory of exact aggregation empirically. Stoker (2000) surveys the
literature on modeling consumer demand, with a focus on Jorgenson’s contributions.
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Jorgenson (1990) summarizes his research on integrating econometric models of
household behavior and social welfare measurement.26 Several notable early papers were
Jorgenson and Slesnick (1983), who presented an econometric approach to cost-of-living
measurement; and Jorgenson and Slesnick (1984), who discussed how to decompose social
welfare into the contributions of equity and efficiency.
This body of research on econometric modeling of production, consumption, and
applied welfare analysis are, of course, important contributions in their own right. But an
important goal was to incorporate these building blocks into an econometric, multi-sector,
intertemporal, general equilibrium model. Jorgenson and Wilcoxen (1990) implemented these
refinements to analyze environmental regulation.
Since that time, Jorgenson (especially in collaboration with Pete Wilcoxen) has written
extensively about policies to combat climate change, using increasingly refined versions of their
intertemporal general equilibrium model. This application follows naturally from his early work
with Hudson on energy policies in a general equilibrium context.
A notable example of this work is in Jorgenson, Goettle, Ho, and Wilcoxen (2014). The
acknowledgement to that book says it is based on “version 18” of the intertemporal general
equilibrium model that began with Jorgenson and Wilcoxen (1990)—and which was, as noted,
itself built on a foundation of many earlier papers and models. The 2014 book finds that there is
potential “double dividend” from a properly designed package of tax changes. A carbon tax
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Slesnick (2000) surveys Jorgenson’s approach to applied welfare measurement and discusses
applications of the approach to the social welfare impact of changes in carbon taxes, as well as
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discusses welfare measures in the context of production and the national accounts.
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would induce firms to reduce carbon emissions while simultaneously raising revenue. That
revenue could then be used to reduce capital taxes, thereby reducing the cost of capital and
promoting capital accumulation and growth. As Jorgenson (2014) puts it,
Taxing energy and reducing the cost of capital leads to large gains in the efficiency of the
economy overall, as goods and services are produced less energy-intensively. For society
as a whole, you end up with a positive impact on economic well-being because the large
gain in the efficiency of the economy outweighs the increase in inequality.
Note that, in their model, the positive impact on economic well-being occurs even apart from
any environmental benefits.
Jorgenson has also applied these ideas to China. For example, Jorgenson, Cao, and Ho
(2013) discuss how to design a system of taxes and revenue recycling that would allow China to
reduce their pollution while maintaining economic growth.

5. Jorgenson’s influence on official statistical measurement
Jorgenson’s research has had a notable influence on official (and semi-official)
measurement, especially in the national accounts and growth accounting. The influence reflects
Jorgenson’s focus on measuring variables in a way that is consistent with theory. It is equally a
testament to his tireless “proof of concept” efforts—showing that these theoretically consistent
measures could be implemented in practice.27
Jorgenson and Landefeld (2006) recommended a range of changes to the U.S. national
accounts to improve the theoretical and empirical consistency of data measures—both within
the existing national accounts and across official data providers. Jorgenson (2009) presented an
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updated version of this recommendation. In large part, the new architecture would implement
important aspects of the “Jorgenson system of national accounts” discussed earlier—which
built on the vision first presented in Christensen and Jorgenson (1973). The cost of capital plays
an important role in these recommendations by linking capital services and wealth accounts to
the U.S. national accounts. Some steps in the Jorgenson and Landefeld recommendations have
since been implemented; others remain on the radar screen of statistical authorities.28
Landefeld (2020) describes the evolution over time in the U.S. national accounts and
highlights ways in which Jorgenson’s research has influenced the official accounts. These
include implementing several of the innovations recommended in Jorgenson and Griliches
(1967), such as the use of chain-weighted indices and substantially improved quality-adjusted
price indexes for investment and other goods. As Landefeld writes (p. 31-32)
Most of the changes for the national accounts proposed by Jorgenson and Landefeld
were a summary of the extensions and suggestions in the integrated frameworks put
forth earlier by Jorgenson, Fraumeni, and others. The New Architecture, Jorgenson's
chairmanship of the [Bureau of Economic Analysis, BEA] Advisory Committee, and his
work with [the Bureau of Labor Statistics, BLS] and the Federal Reserve [FRB], helped to
foster long-term work that evolved from prototypes to the regular production by BLS
and BEA (Integrated aggregate production MFP accounts (2006–16), Integrated industry
level production MFP accounts (2012–15) and by FRB and BEA of estimates of
integrated financial and production accounts (2007–16).
Jorgenson’s influence on measurement has been particularly notable for growth
accounting. Since 1983, the U.S. Bureau of Labor Statistics (BLS) has produced annual growthaccounting measures for the private business economy and for major sectors. Those accounts
include capital services measured along the conceptual lines initially laid out by Jorgenson and
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Griliches (1967), and refined in Jorgenson’s later work, which allowed for heterogeneous capital
weighted with implicit rental rates (costs of capital). Since 1993, the BLS accounts have
measured labor input along Jorgensonian lines, allowing for heterogeneous labor. 29
More recently, the Bureau of Economic Analysis and the BLS have begun producing an
integrated industry-level production account that is explicitly modeled on Jorgenson, Gollop,
and Fraumeni (1987). It integrates BEA's GDP by industry data with constant-quality capital and
labor input measures that are consistent with Jorgenson’s methods.30 This production account
implements one of the recommendations of Jorgenson and Landefeld (2006).
Many other countries have, similarly, developed official growth accounts that follow the
Jorgenson template. The Organization of Economic Cooperation and Development (OECD)
manuals on capital (Schreyer, 2009) and productivity growth (Schreyer, 2001) recommend that
countries implement the Jorgenson growth-accounting system at an aggregate and industry
level. The United Nation’s (2009) System of National Accounts 2008 recommends that constantquality inputs of labor and capital be implemented along Jorgensonian lines as part of the
production account. As of 2015, at least 50 countries produced constant-quality measures of
labor input (that is, labor-input measures that incorporate changes in the composition of
hours).31 Jorgenson and Schreyer (2013) discuss how to integrate industry-level production
accounts with the System of National Accounts 2008. They note that statistical authorities in a
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number of countries (Canada plus a number in Europe) already have production accounts that
are consistent with Jorgenson’s long-standing recommendations.
Jorgenson’s research has also stimulated the development of datasets that may not be
part of the official national accounts of particular countries, but that are nevertheless
coordinated across countries. The EU KLEMS and World KLEMS projects have developed
industry KLEMS datasets for a large number of countries that follow the Jorgenson, Gollop, and
Fraumeni (1987) template. The EU KLEMS project began in the early 2000s as a collaboration
among 18 research institutions, with a common methodology given by the OECD productivity
and capital manuals (Schreyer, 2001, 2009). The India KLEMS project came to fruition in 2009,
following a meeting with Jorgenson and several economists in India. The Asia KLEMS project
followed in December 2010. The World KLEMS project was inaugurated in 2010 by Dale
Jorgenson (in collaboration with Marcel Timmer and Bart van Ark), with a goal of extending the
EU KLEMS database to a number of emerging and transition economies.32
These datasets allow researchers to properly understand the industry sources of growth
across countries on an internationally consistent basis. They are consistent with the United
Nations’ (2009) System of National Accounts and follow recommendations in Jorgenson and
Landefeld’s (2006) and Jorgenson’s (2009) “new architecture” for the production account.
Data produced for the Penn World Tables (a standard source of cross-country data,
currently maintained by the University of Groningen’s Growth and Development Centre) have
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been influenced by Jorgenson’s recommendations.33 The Jorgenson system is data intensive
and cannot easily be implemented for every country in the world. But as Inklaar et al (2019)
describe, the PWT version 9.1 (released in 2019) implemented a new measure of capital input
for a large number of countries, following Jorgenson and Nishimizu (1978). Inklaar et al. (2019)
show that, properly measured, capital input explains a larger share of cross-country income
differences than does a naïve capital stock measure.
In 2018, the World Bank (Lange et al 2018) published a blockbuster report that focused
on a wealth account for a large number of countries that includes human capital measures that
follow the lifetime income approach of Jorgenson and Fraumeni (1989, 1992b). (The World
Bank (2021) has updated these estimates.)

6. Conclusion
In his long and productive career, Dale W. Jorgenson has had an enormous influence in
economic and policy circles. His research has shaped entire fields—perhaps most notably in the
areas of investment and growth accounting. His seminal work on investment integrated the
theory and econometric practice of investment in a transformational way. The field has
continued to evolve over time, of course. Nevertheless, Jorgenson’s research on investment
from the 1960s and 1970s continues to echo and reverberate into the 2020s.
In growth accounting, Jorgenson’s ongoing research over more than half a century
showed the value of drawing out all of the implications of theory. More than that, he has
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showed that, with massive amounts of effort, those implications could be implemented in the
data. For this reason, modern growth accounting is Jorgenson’s growth accounting. Indeed,
Jorgenson’s work has moved far beyond academic corridors and into the practical business of
compiling economic data by statistical authorities. Statistical authorities around the world
follow Jorgenson’s lead when it comes to productivity measurement; and other areas of the
national accounts increasingly follow Jorgenson’s theoretically-driven precepts as well.
Researchers in many areas of economics use KLEMS datasets that wouldn’t exist—certainly not
in their theoretically coherent form—without Jorgenson’s determination and resolve.
Jorgenson has contributed much more broadly. An important area is the econometric
modeling of producer behavior, where Jorgenson pioneered the flexible translog functional
form and showed how to estimate it. He applied similar insights to the econometric modeling
of consumer behavior. And he has put the different building blocks together into practical,
econometrically estimated, intertemporal and multi-sectoral general equilibrium models. These
models provide a coherent vision of the economy, in which policies that influence investment
have first-order effects on growth and well-being.
Along the way, Dale's contributions to Harvard were enormous. He helped bolster the
reputation of the economics department worldwide, to the benefit of many other Harvard
scholars—including those yet to come.
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