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THE ET INTERVIEW:
GREGORY C. CHOW

Interviewed by Adrian Pagan
Australian National University

Gregory Chow has been an important figure in econometrics for almost four
decades. There can be few students of quantitative economics who have not
been taught the “Chow test” for structural change in regression and equally
few applied studies that do not report it, But Gregory’s work has been much
broader than this —technigues developed in papers on the stock adjustment
model, dynamic responses, and control methods have all become part of the
milieu of the practicing econometrician. It is notable that this work has never
been “theory for theory’s sake”; behind it has always been the desire to fash-
ion tools that would be immediately useful for the analysis of economic
data. 11 has also been strongly oriented toward the analysis of systems, and
his interest in systems has played itself out in many ways — from simulta-
neous equalion estimation and analysis through control methods to prob-
fems of the Chinese economy. There can be few econometricians who have
made contributions across such a wide spectrum of issues.
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Gregory’s publications include seven books and more than 140 articles.
His professional output has been recognized by Fellowships of the Ameri-
can Statistical Association and the Econometric Society as well as member-
ships from the American Philosophical Society and Academia Sinica. He
was the first president of the Society of Economic Dynamics and Control.
In a wider context, he has played a central role in fostering relations between
the economics communities in the United States and China and has advised
the Chinese government on issues of economics education and reform.

I first met Gregory in January 1973 when I arrived to take up a position
at Princeton University. He was extremely generous in the amount of time
he spent on advising me, and his attitudes were very influential in my own
later work. Therefore, it was a great pleasure to repay this kindness by con-
ducting the present interview. The initial interview was conducted at Prince-
ton in September 1989 but, due to a loss of some of the material on the
tapes, had to be repeated in Rochester in April 1992, Hopefully this inter-
view captures Gregory’s attitude toward econometrics —an approach that is
very close to that advanced by the founders of the Econometric Society and
that was important in making econometrics an exciting field in its forma-
tive years.

Could you outline your early education. | noticed that you did a B.A.
at Cornell. My impression is that Cornell wasn't really known for statis-
tics at that time, so | wondered where your statistical training and inter-
est in econometrics developed from?

I entered Cornell University as a sophomore in the fall of 1948, having fin-
ished my freshman year in China at Lingnan University in Guangzhou. 1
studied some applied subjects. I took a course on the economies of the Far
East and was exposed to topics on economic development. For example, one
book was by Colin Clark, called The Conditions of Economic Progress. His
analysis was quantitative in orientation so it occurred to me that some math-
ematical/statistical analysis would be useful to economics. Now I have to say
that my professors at Cornell did not do econometrics and I could not find
any help from them, and so I had to do something on my own. I read Colin
Clark, and then I went to the library and found something called Economet-
rica, which I could not understand. There was an article on “The Common
Sense of Econometrics” in one of the early issues. That kind of article I could
read, but nothing more technical, Maybe one out of every 20 articles I could
get a little bit from. Still, I was enthusiastic enough to join the Economet-
ric Society.

At Cornell, when I was studying economics, my training in mathematical
statistics and mathematics was very limited, although the mathematics
department was good. Feller had left but Wolfowitz was still there. In those
days, less than 5% of the economics majors studied even calculus. I got inter-
ested in econometrics on my own during my junior year and started look-
ing at Samuelson’s Foundations, without understanding much of it. In my
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senior year, I took a course on ordinary differential equations, which was
the last course in mathematics I took at Cornell. By the time I decided to
study econometrics at the graduate level, Chicago was the best place, so I
decided to go there,

You commented about looking at Samuelson’s Foundations. Why did
you think that it was econometrics?

It was really mathematical economics, but the broad definition of economet-
rics then included mathematical economics. I was interested in anything that
was quantitative/mathematical and, while I was looking around, I found
Samuelson’s book. I got myself a copy and tried to struggle through it, mak-
ing some comments and notes. Later on, when I knew a little bit more, [
found out how foolish some of my comments were.

You left Cornell and went to Chicago. One of the things | have always
noticed about the difference between English-style and American-style
Ph.D.’s is the extent to which the students learn more from one another
in the U.S. versions. So it's interesting to know who was in Chicago
with you as a student.

Yes, you are right. Some of my fellow students at Chicago were outstand-
ing. When I entered Chicago in the fall of 1951, I met Gary Becker—that was
also his first year —and we attended Milton Friedman’s price theory and Alan
Wallis’s statistics classes together, At that time he was my closest friend, and
sometimes we got together to discuss Milton Friedman’s problems sets. In
my third and fourth years — writing my dissertation —I was a member of Al
Harberger’s workshop on public finance. That workshop also had Larry
Fisher, Zvi Griliches, Dick Muth, and Marc Nerlove. I also attended Milton
Friedman’s money workshop, where I presented part of my thesis. David
Mieselmen was collaborating with Friedman on their well-known paper com-
paring the relative predictive power of money stock and autonomous expen-
diture in the explanation of national income. It was about 1954 when M1 and
M2 were invented in that workshop. I still remember Friedman defining them
fairly casually, saying let us call this M1 and call the other M2.

Was Alan Wallis’s class in statistics done by many graduate students?

In Chicago, there was a committee on statistics, The committee was an infor-
mal Department of Statistics and Wallis was chairman. They taught students
in economics, statistics, and the business school, maybe even sociology. That
philosophy is not such a bad idea. Nowadays, economics departments often
offer the first statistics course, but if you have a strong statistics department
the first course can be taught there. In Chicago, there were two types of
courses; one was less mathematical, which Alan Wallis taught. He started
with the logic of hypothesis testing and inference and then developed it from
there. Parallel] to that there was a course that was more mathematical. Jim-
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mie Savage and Bilf Kruskal often taught that. I also had a course on linear
models from Kruskal.

How many students would have been in the economics intake?

In Milton Friedman’s first-year class there must have been about 45 to 50
people.

In 1851; I'm amazed at the number.

You mean because there were fewer people studying economics or because
the departments were smaller?

| thought the departments were a good deal smaller. In the 22 years
you’ve been there, has Princeton’s intake changed?

Not that much. Maybe slightly. Now in Princeton we have something like
25 to 26 entering, and when 1 first started in 1970 it was in the low 20s. So
there is a minor difference.

What was Chicago like in 1952? Were there people there who really
impressed you and had a long-lasting effect on your research?

You mean the faculty. I think that several people did. I was in Chicago from
1951 to 1955, It was truly an exciting place, and I took courses from Koop-
mans, Marschak, and Houthakker. In fact, in 1953 or so, Debreu was there,
except that he was not teaching. Hayek was also there, not as a Professor
of Economics but as a Professor of the Committee on Social Thought. He
ran a workshop on the Methodology of Social Science in 1952 and had speak-
ers like Fermi and Savage. Fermi was talking about methodology in phys-
ics. Savage was talking about probability. Who else would be better to talk
about those topics? People like Milton Friedman and Alan Wallis also
attended the seminar. Of all the people, I think that Milton Friedman had
the most influence on my own thinking. Later I wrote papers that were not
in agreement with some of his views—1I am not necessarily a monetarist, and
some people do not even consider me a strict adherent of the Chicago school.
[ don’t believe that perfect competition is as good a model as many Chica-
goans think. However, I enjoyed Friedman’s lectures and he taught me how
to think.

It’s interesting that you say how influenced you were by Friedman.
You attended his course in price theory and yet you never seem to have
dene a lot of price-related or micro work during the rest of your career.
So was it just the way he approached things that influenced you?

Yes, when one approaches a problem it is important to get at the essence of
things, whether it is price theory or monetary theory or econometrics, so [
try to see things simply. I probably learned it from Friedman.
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Do you think he was a big influence on everyone there, or was this just
your particular experience?

I think that in 1951 and 1952 he probably was the most influential figure in
general. There were people who would study economic development with
Schultz. Marschak was working on game theory. There were many stimulat-
ing people around, but I think the main intellectual force pushing the depart-
ment was certainly Milton.

When you came to your doctoral dissertation, how did you select a
topic?

Well, like many people you choose a subject in an area that you know some-
thing about. I had had a good course on the theory and econometrics of con-
sumer demand from Houthakker. [ think he was a leading figure. He had
spent time in Cambridge, England. I enjoyed his course on consumer de-
mand, and I knew durable goods was one of the outstanding topics, so I
picked that.

At that time there was work being done in Europe by Dick Stone on
the Stone-Rowe model of consumer durables. Were you familiar with
that work, or was that work you didn’t consider?

Well, we may have been doing it simultaneously. That paper was pub-
lished in Econometrica the same year as my book—1957. I finished my the-
sis in 1955 and the North Holland book came out in 1957. I think that the
Stone-Rowe article in Econometrica was 1957. So 1 didn’t know of their
work.

Tell me about the work on durables.

There was one obvious idea that I had. The idea was that, as a first approx-
imation, if you look at the stock of durable goods, you can just treat it like
a nondurable. I told Houthakker, and he said, “Gregory I don’t think it will
work.” But, anyway, I tried, so I regressed automobile stock on price and
income. It looked good, even then. Of course, you lose all the short-term
dynamics, but even that kind of a static model looked right, especially for
the United States. To get dynamics, you adjust the stock to the desired stock,
which is determined by some basic variables. This simple idea seems to be
so natural. Now maybe somebody told me about it, but I don’t think that
I could cite a specific reference.

| presume permanent income was in the air? I'm surprised, then, that
your first reaction wouldn’t have been to say that the purchase of a
stock of durables is a function of permanent income and get the dynam-
ics in that way.
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That’s right, the idea of permanent income, or what Friedman used to call
expected income, measured by a weighted average of past incomes, was being
discussed. In my preliminary work, the income variable was measured in-
come or current income. It was exactly the time when Friedman was doing
his consumption function work, and I still remember the day when Friedman
gave his seminar on it. It was exciting, but I didn’t use the idea of perma-
nent income at first. I just had automobile stock related to the “Commerce
Department’s income” and price. 1 presented it in Friedman’s workshop and,
of course, his criticism was that I had used the wrong income variable. So
I said fine, let’s try the permanent income variable. Then I had both incomes.
I showed in my work that permanent income was a better variable for ex-
plaining automobile stocks, but current income is better for explaining pur-
chases, which include savings.

After Chicago you went to MIT. What was it like in those days?

Well, MIT was interesting. Paul Samuelson and Bob Solow were there,
among other influential economists.

This was the time Solow was doing his growth work.

Exactly. I think the first growth paper was 1956, and it was in 1955 that 1
showed up at MIT. I got to know Solow professionally. I saw him quite a
bit in the department and at lunch. There was a Samuelson and Solow theory
workshop that I attended. It was a different workshop from the kind that
I had attended in Chicago. Friedman’s money workshop was prepared,
whereas the Solow/Samuelson workshop was not as prepared. I remember
having lunch with a group including Samuelson and Solow and, knowing that
after lunch they had this workshop, 1 would follow them to the class. As I
was walking down, Paul would say to Bob, “Bob what should we talk about
today?” He'd say, “How about uncertainty or expected utility or something?
Why don’t we talk about that?” Solow would say, “Okay.” Then Samuelson
would make a few comments about who started the basic idea and what’s
wrong with it. The whole thing was interesting. If you already know the sub-
ject and hear some of these interesting remarks, you learn something. But
if you haven’t read the articles, it is not easy to learn from such a workshop.

Possibly your most famous paper, on the Chow test, was written
while you were at MIT. How did that come about?

It was in the spring of 1958 that I got a letter from Al Harberger. After I had
left Chicago, a number of people were doing work related to consumer dura-
bles. Al Harberger’s workshop, of which I was a member, produced several
dissertations. So he decided to get a volume out and asked me to make a con-
tribution. But by that time my automobile book [2] was already in print, and
I had to write something different, so I decided to update it to see how the
demand functions I had estimated stood up with data from 1954 to 1957. 1
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finished my work in 1355, but the data were only to the end of 1953. I had
these four extra years, and I had to devise some kind of a test for constancy
of the parameters. The first problem to solve was when there is insufficient
data to run a separate regression, so I talked about prediction in the paper.
I also tried to relate prediction to the analysis of variance. There were three
parts to my paper (9]. One is when there are insufficient observations, one
is to test equality of subsets of coefficients, and the third, which is more gen-
erally known, is just to test the entire set when you have sufficient informa-
tion to group the data into two groups. In my paper, I explicitly said that
the third kind of test, which people often call the Chow test, is in some texts.
Some people in England, including Andrew Harvey and perhaps David Hen-
dry, would restrict the term “Chow test” only to the case where you do not
have sufficient information. Other people just use the term “Chow test” even
for the case where you have sufficient observations for testing the equality
of these coefficients. Of course, each one is an F-test, whether people call
it a Chow test or not. I am neutral on this. In fact, ] was talking to a col-
league of yours yesterday who felt it was not necessarily bad to have a spe-
cial name for a special F-test. I'm happy I brought this topic to the attention
of econometricians.

Given your interest in simultaneous models, | am surprised that you
never seemed to work on a Chow test for that case. Is this correct, or
did you run into difficulties?

I thought about it somewhat, but I was also interested in other things about
simultaneous equations and testing stability is just one aspect of that. I could
get results on some other things more easily. Often in research you publish
what you can get.

Your interest in simultaneous equation problems produced a number
of papers comparing estimators that were required reading when | was
a graduate student 111,19]. What led you into this area? In retrospect
do you feel that the research in the area of simultaneous equations was
of great value to econometrics? | am particularly interested in the fact
that you wrote on the computation of FIML so you must have felt that
it was an important estimator.

The answer is very simple as to why I worked on that area. It happened to
be the main subject of econometrics at that time, so it was natural to be a
part of the mainstream. Why FIML? That also is very easy to answer. At
that time, maximum likelihood was the dominant idea in estimation. Now
[ wasn’t that extreme; there were other methods besides maximum likelihood.
But when [ studied statistics, Fisher’s influence was strong. Since a lot of peo-
ple, including myself, were not professional statisticians, we just took what-
ever was well accepted. So maximum likelihood became a natural thing to
work with.



604 ET INTERVIEW

When | was a student, one of the things that struck me almost straight
away was that FIML seemed to make too many demands. FIML always
seemed to have so rnany disadvantages in terms of having to get the
correct specification of every equation as to make me feel thati'd never
want 10 use it.

No, [ wouldn’t agree with that. There’s a trade-off between specification
error and the size of models. I agree with you about misspecification errors,
but you still want to be parsimonious because of finite samples. People jus-
tify dropping a regression variable even if its coefficient is not zero; if it's
small enough, you should drop it. I was also a believer in small models. I
didn’t suggest that people should do FIML for 5,000 equation models, or
even 50. The models [ happened to work with were small ones, I took mac-
roeconomics literally, If I teach a Keynesian system, multiplier accelerator,
IS-LM, I should implement it econometrically, just as it is. Some people say
that such models are only for classroom use. The model that you teach the
macro students should not be the same model that you estimate economet-
rically. That’s a philosophy that I did not adhere to. If the models are small,
why not FIML?

So you would say that your interest in FIML is very much connected
with the idea that models should be small and not necessarily large?

I think that there’s virtue in building small models, although 1 would not say
that large models are necessarily bad. I think that small models are useful,
whereas some people don’t think so.

Would you actually teach simultaneous equations anymore?

Oh yes, I would. I think the subject deserves some attention. The idea that
the economy can be conceived of as a system of simultaneous equations is
still a useful idea. It also has two related ideas: the idea of identification, and
the distinction between the structure and the reduced form. The Lucas cri-
tique, for example, essentially makes the distinction among the parameters
that are stable, the structural parameters, and the reduced form parameters,
which are affected by a policy change.

S0 you therefore remain convinced that this is still the framework we
should be working with, despite the development of VARs?

Well, take real-business cycle models. If I were to work on real-business cycle
models that have “deep structural parameters,” I would try to estimate them
by traditional methods. Other people try to guess them by calibration. They
can play their game. [ don’t want to get into an argument with them. T would
estimate the parameters in a traditional way. If you take the multiplier/accel-
erator model, it also has a VAR representation except that it may impose
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some kind of prior restrictions. A VAR model also has its own parameter
restrictions.

So after MIT, you went to Cornell?
Yes, Cornell, was my alma mater and offered me tenure.
Would you say that you were disappointed with Cornell?

Yes, the atmosphere was quiet and less exciting than Cambridge. Then I got
an offer from Ralph Gomory to join IBM, which I was willing to try out for
a year. | took a year’s leave from Cornell, but the atmosphere at IBM was
s0 good to me that, after 2 or 3 months, I decided to resign from Cornell.
It was like being a professor on leave. You had no duties, except to write
some papers. I was fairly productive at IBM. I did work on simultaneous
equations, a paper on the demand for money [13], the demand for computers
{18], multiplier accelerator model [17], and started working on dynamic eco-
nomics and optimal conirol.

That must have been an unusual move even then. Today, a lot of stu-
dents tend to think that if they don’t get an academic job, they are
something of a failure. What sort of work did you do for IBM?

My main duty was to do basic research, but often there were company prob-
lems involving economics and econometrics. Later on, | also consulted with
the Vice President for Finance and Planning on corporate planning prob-
lems. I gave them some economic views about these problems. One topic was
the demand for computers [18]. They were interested in that, and my work
was used as part of their forecasting process.

Your paper on the short- and long-run demands for money appeared
while you were at IBM [13]. Given that you must have been exposed to
Friedman's classic work on money demand while at Chicago, was that
paper really a product of an earlier period?

No. Although I had been exposed to this topic, having attended Friedman’s
workshop on money, I picked up the subject some years later. I ieft Chicago
in 1955. We're talking about & years later, around 1963 or 1964,

In my own work | have had fun going back and looking at how my
applied work has fared over the years (some others have had fun too!}.
Have you ever gone back ta see how your automobile and computer
models have stood up to developments? Do you think it's a good idea
for one to go back over past work?

Yes, I have examined how my automobile and computer models stood up to
later developments. In the case of automobiles, the test of stability of
demand functions by using later observations led to a paper in Harberger’s
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volume on the Demand for Dureble Goods [8]. In that chapter, not only did
I find the new observations from 1954 to 1957 consistent with the previously
estimated demand function, but I also made a 10-year forecast from 1958 to
1968, forecasting automobile sales in 1968 to be in the order of 8.5 to 9 mil-
lion cars, compared to around 6 million in the late 1950’s. This turned out
to be correct 10 years later. I recollect this successful 10-year forecast with
pleasure. My work on the demand for computers was used by colleagues at
IBM to do forecasting, and the model stood up quite well for many vears,
In particular, I supervised a senior thesis at Princeton by Bryan Miller enti-
tled “An Extension of the Chow Study on Technological Change and the
Demand for Computers.” Miller’s work updated my equation from 1966 to
1973 and found that my equation remained valid. I think that it is a good
idea to reexamine one’s empirical work. By the way, my multiplier-accelerator
model for the macro U.S. economy [17] stood up quite well into the late
1980s. Part of this result is contained in a 1993 article in Review of Econom-
ics and Statistics {142].

Looking at an academic history, it occurred to me to ask about your
students. Which of them have gone on to become well-known figures?

Andy Abel did a Bachelor’s thesis with me on optimal control, and Ed Bur-
meister did his Master’s thesis with me. For a long period I was in a busi-
ness school, or at IBM, so I didn’t have too many Ph.D. students. Soon after
I joined Princeton in 1970, I ran a summer workshop on optimatl control,
which John Taylor attended, and he was then a graduate student at Stanford.

| was particularly interested in students who you supervised doctoral
dissertations for.

There were Ken Garbade and Carlo Carraro.

So you didn’t supervise people from Princeton like Nick Kiefer and
James McKinnon?

No. I was not their main supervisor. They both studied econometrics with
me and we interacted, but I wasn’t their main supervisor. During that period
my main interests were dynamics and optimal control,

Are you disappointed that there were so few people?

I'am in a sense, but colleagues like yourself and Ray Rair got interested in
the subject. So did many people in the profession.

What do you put it down to? One of the reasons | was interasted in
going to Princeton in 1973 was because it seemed to me that the work
you were doing was very interesting material and it was really right at
the edge. In retrospect, it seems odd that there weren’t a lot of students
doing theses in this area. Was it too difficult for them?
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It’s hard for me to answer that. Some people can attract students. The
second-year or third-year students might find me somewhat threatening, as
I'm sometimes quite critical,

Are there any areas that you regret not workirig on—that you could
have worked on but for one reason or another you put off?

No. If I think there is an interesting topic in economics that I haven’t worked
on sufficieritly, I can work on it now,

When | was recently cleaning up my office, | found an old referee’s
report. This was actually a report on one of the very first papers on ratio-
nal expectations. The author was working with a demand and supply
example and he was looking for a maximum likelihood estimator, or
something like that, and he finished his paper saying that he couldn’t
find a two-stage least-squares analogue. My report said you couid. All
you had to do was write down the expected value and solve for the
expectations. It's a function of the reduced form and then you go back
and substitute that in. |'d forgotten I'd ever done this referee’s report.
At the time | thought rational expectations was useless. | couldn’t see
why anyone was interested in it.

Now | appreciate your question. Have I missed opportunities 1 could have
taken up? If I think for 2 days maybe I could come up with one. But I’'m not
a person to regret. I ook forward. It seems to me I cannot blame myself for
not getting into hot topics because, whatever I did, I was interested in it.

Let's take the example of nonparametrics. That's become a hot field
in recent years and | don’t think you've ever written anything on
nonparametrics.

No. I have never written anything on it, but I don’t regret it because I don’t
have a comparative advantage in nonparametrics.

One area you did work on was spectral methods [24,25]. Thinking
back on your training, there would not appear to have been a lot of
courses that had any mention of spectral analysis. Did you teach your-
self all of this, and what actually made you look into that literature?

That is also a case where I do econometric theory after being stimulated by
empirical work. After I built the multiplier-accelerator model, I wanted to
see whether or not that model explained business c¢ycles. Part of the defini-
tion of a business cycle was its spectral properties. I got Whittle’s book and
I also read a book by Quencuille about multivariate time series. So I learned
the subject myself. I believe that spectral methods are an important part of
stochastic dynamic economics.
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I’m not so clear on that. In what sense are they useful? It seemed to
me that these methods never really made much of an impact in econo-
metrics, except as a pedagogical device.

Okay, yesterday in your seminar you pointed out that Mandelbrot drew this
diagram of cumulated average squares of a series and, by looking at the
diagram, you can spot that the series is not stationary. Now, in a way, spec-
tral methods do the same thing. People ask questions like, What is the typ-
ical spectral shape of some economic time series? By comparing the spectral
properties deduced from an econometric model to those estimated directly
from time-series data, one finds out how good the model is. Also, spectral
methods are useful for inference in the time domain.

Yes, | can see that potential, but | am saying that, in practice, it
doesn’t seem to me that people ever used it. Suppose | asked you the
question of how many economists, having looked at a spectrum, would
throw away the NBERs reference cycles and cycle dates if they couid
not in fact find the 3- to 4-year peak in the spectrum?

There are no inconsistencies between the two. When the NBER people say
that the average length of a cycle happened to be so many years, it doesn’t
mean that there is a peak in the spectral density in that range. These are two
different statements. Suppose annual GNP is a random walk. So, in any year
there is a probability of one-haif of there being an increase and one-half of
being a decrease. Then, if I define cycle length as the mean distance between
peaks, you get an average length of 4 years, because the probability of a peak
in any one year is the probability of an increase followed by a decrease, or
one-quarter. But that doesn’t mean it has a peak in the spectrum correspond-
ing to a frequency of one-quarter.

Okay, you moved to Princeton from IBM. Why? Had IBM changed, or
did you think that this was a great opportunity to get back to academia?

In fact, it was a hard choice, When Dick Quandt called and asked me to con-
sider the position at Princeton, my honest answer would have been “no thank
you.” But to be polite I said instead, “Well Dick, why don’t I call you back
in a week from today?” When Friday came, I had lunch with Alan Hoffman.
He worked on linear programming and graph theory. I was going to call
Quandt in the afternoon to say thank you very much, I have thought about
it and I am not interested. I told Hoffman this plan at lunch, and he said,
“You shouldn’t do that. At least you should go down and take a look before
you say n0.” So he talked me into it. I was so happy at IBM I didn’t think
I was going to come. But then later on, I came here and started thinking it
was a very attractive offer. I thought, well, maybe IBM is good now, but
eventually I cannot guarantee this kind of good life will last forever. I also
knew that, when I get older, it will probably be better to be a professor than
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to do research full time. S0 I ended up here, and I was honored to succeed
Oskar Morgensiern, as the Director of the Econometric Research Program.

Wwell that leads us into the control theory interests, How did that come
about, and why did you think it was important?

It was also empirically motivated, The dynamic analysis of cconometric mod-
¢els and the application of such models for policy analysis and design seem
to follow naturally from the estimation and testing of such models. [ was
playing around with models and looking at their spectral properties, and this
led me to ask whether or not such models could be useful for policy analy-
sis? Optimal control is a set of indispensable tools for dynamic analysis and
policy applications of econometric models. I wrote some papers on how to
derive optimal control rules, partly to try to understand the subject, especially
by using methods that other economists and I were familiar with {28,32,36,39].
When I wrote a 1970 paper 128] applying the familiar method of Lagrange
multipliers to solve the optimal control problem, I had read Peter Whittle’s
Prediction and Regulation by Linear Least Square Methods, which applied
spectral methods to solve the optimal control problem in the univariate case.
Later I read Aoki's work on optimization of stochastic systems. My expo-
sition in 1972 in Infernational Economic Review [32] might have added some-
thing to the contro! theory literature.

There remains a critical guestion of what the role of control theory is.
Three arguments have been advanced against it: time inconsistency, the
Lucas critique, and the fact that our models are likely to be misspecified.
You don’t have these in physical systems. I'm imterested in your reac-
tion to these objections.

The possibility that government policy may affect certain parameters in some
econometric models has been recognized in the economics profession for a
long time — for example, by Marshak in his paper “Economic Measurements
for Policy and Prediction” in the volume edited by Hood and Koopmans,
Studies in Econometric Methods. If the income tax rate is changed, the
parameters in the reduced form eguation of a simplified Keynesian modei
explaining consumption by exogenous investment would be changed. Knowl-
edge of the structural parameters heips one infer how the reduced form
parameters would be changed. This point was recognized by Robert Lucas
in his well-known critigue on ¢econometric policy evaluation. Lucas was mak-
ing Marshak’s point in a dynamic context. The basic statistical methods of
estimation such as the method of maximum likelihood remain valid when
applied to the estimation of the parameters of “structural” equations intro-
duced by the Cowles Commission. You don’t change the method — you just
change your way of application. In the same way, optimal control methods
are valid in studying the effects of governmental policy on the economy when
some “reduced form™ parameters in certain behavioral equations such as the
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consumption function or the investment function may change. It is by now
familiar that these econometric equations may be considered as the optimai
control rules derived from solution of dynamic optimization problems on
the part of economic agents. Government policy can be treated as a part of
the environment facing economic agents. When the environment changes, the
resulting optimum policy rule will change. But if you know the “structura]”
parameters such as the parameters of the consumers’ preference functions or
the investors” production functions, you can use the techniques of optimal
control to derive the new behavioral equations after governmental policy
changes [78,81]. Optimal control remains the major technique for policy
analysis.

What about time inconsistency? Do you think of that as a serious
problem?

One implication of time inconsistency is that you cannot apply dynamic pro-
gramming, but you can extend optimal control techniques in the context of
dynamic games [93].

Control methods are sometimes said to presume too much precision
of knowledge. | have some sympathy with this viewpoint; as you say
in your paper with Moore [31], ““Fairly different lag structures can fit the
data almost equally well,”” and this seems to be a problem for optimal
control exercises, as | have the impression that these are very sensitive
to the dynamic specification.

Your question concerns the lack of precision and possible misspecification
of econometric models. I have written on both problems as they affect the
application of optimal control techniques [61,73,103]. Some of the sugges-
tions made appear to be valid today.

When one sits down and looks at these three objections, you can
sometimes get overwhelmed by them and say, well, the difficulties are
so serious that this may be a bad tack for us to be taking.

Well, no. The use of econometric models and optimization methods for eco-
nomic policy is not a simple matter. But I think we can do better than those
who do not know these tools. Who is more qualified to study macroeconomic
stabilization policy? Can you tell me an alternative? You can criticize a doc-
tor; sometimes the patient dies, and we don’t have the solutions to all med-
ical problems, but I would rather get an imperfect doctor than to consult
randomly when I am sick.

I don’t think it is quite that simple. Bill Phillips, when | was a student
of his back in the late 1960’s, used to talk about this issue quite a lot.
Bill’s line was that the economy was run pretty well for 30 years, from
post-war up to the late 1960s, and the policymakers didn’t use any con-
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trol theory then. Nevertheless, they had an intuitive understanding of
how it worked and how to make adjustments. One way of thinking
about what these people were doing was that they were working in the
old classical control framework of integral, proportional, derivative con-
trols, setting up feedback rules and automatic stabilizers. They didn't
feel that going to an optimal control over a classical control, if you want
to put it in those terms, had a lot of benefit. And the main reason for this
attitude was that they felt that the imperfect understanding of the
dynamics of the economy was such that it was going to be very diffi-
cult to exploit the control technigues. A current example of this problem
is that financial deregulation in many economies has meant that the
impact of interest rate movements on investment is hard to predict and
has led to some policy mistakes. How do you get around this problem
with optimal contro|?

In this particular case, you should use some Bayesian way to impose the
effect of interest rates on investment, as you don’t have past observations.
Going back to an earlier point you made about simple rules, they may in fact
be robust rules. I think it would be useful for people to go through optimal
control exercises and to compare the relative performance of these robust
rules with optimal rules in some econometric models. You can vary the model
and see whether or not these rules that you mention stand out well.

Do you think though that this is just a low point for interest in optimal
control and that it is likely to change again?

1t is not a low point. 1 think it is a high peoint. Optimal control is widely
applied to the study of economic behavior; it is part of econometrics and part
of economics. You might not use it in a traditional way. It has found new
applications.

| get the impression, certainly in America— not so much in Europe, as
Europe is different--that people lost interest in madels and control meth-
ods, and | wondered if you have any thoughts on the matter.

1 have told people that econometric models were more seriously used in Tai-
wan for macropolicy purposes than in the United States. In Taiwan there is
some office that corresponds to our Office of Management and Budget. In
preparing government budget proposals, this office has an econometric
model and it would use simulation and sometimes optimal control as a way
of examining the consequences of different government policies. So why do
they do this in Taiwan and in some European countries? Perhaps it is just
not fashionable today in American academic circles to apply optimal con-
trol methods and econometric models to study macroeconomic policy in the
traditional way.
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You have actually done quite a bit of applied work as well as theory.
Do you have a particular philosophy about how you would go about it?

My interest in applied work has been influenced by the Chicago environment,
[ tend to start with an applied problem and do a lot, I mean a lot, of theo-
rizing before looking at the data. I remember pacing the floor somewhere
in the Social Science Building of the University of Chicago for weeks and
months thinking about an appropriate theory for the demand for consumer
durables before looking at the data for automobiles. I also remember pac-
ing the floor somewhere in the IBM Research Center in Yorktown Heights
for months before writing down a simple four-equation model for the U.S.
macroeconomy or before writing down one equation for the demand for
computers. I want the macro model to be close to “theory,” because if macro-
economists write down equations, like the consumption function, the invest-
ment function, and the demand for money, why don’t we find out whether
or not such aggregate relationships stand up? Before I see the data, I feel [
already understand them or at least ought to understand them. An Opposite
approach used by others is to start by examining the data in many different
ways until finally a model emerges. Let a hundred flowers bloom. There are
advantages and disadvantages to both approaches.

To what extent do you think that attitude was formed out of the days
when it wasn’t easy to do a lot of applied work because of problems
with computers. In the 1950’s for example, or even the 1960's, running
a regression was a big thing, and running a lot of them was a real pain,
because it took a day to get the output back. In those days, people were
very reluctant to let the data speak for itself because they felt that doing
so meant it would take them forever to do the work, and it was better
to think about things theoretically first. | get the impression that, with
the development of PCs, this style of work is probably disappearing.

What style of work is disappearing?

Well, suppose | want to look at data now. | can just sit down on the
PC and within seconds | can have a graph of what it looks like. | can run
a couple of regressions to see what the relationships are. | can fit time
trends. | can do fantastic amounts of work within an hour. In a sense,
it is the old Sherlock Holmes problem: Do you wait until all the evidence
is in before you begin theorizing, or do you theorize and then gather the
evidence?

I think your peint is probably valid. Computers are now readily available to
process a lot of data in a lot of different ways. That probably affects the way
we do research. In my own case, I think I was influenced by my time in Chi-
cago. To what extent it was my own idea or my colleagues, or my fellow stu-
dents, or my professors, I don’t know. Chicago people take theory seriously,



ET INTERVIEW 613

and so I would not want to go to the data without knowing the theory. Now,
maybe 1 am at one extreme of the Chicago tradition. Other people may do
more data mining.

So you haven’t shortened the period of time spent on introspection
about theories?

It depends on what you want to do.

Take the China model for example. You've got this book on the Chi-
nese economy. How long did it take to develop that model?

I had a simple view of the Chinese macroeconomy that came entirely from
theory. The simple piece that I wrote [105] was theory first, data later. Let
me tell you the way I wrote that paper. I was writing this textbook on the
Chinese economy and there is a chapter on macroeconomics. I wrote the
book so students in China could understand some economics tools. 1 started
the chapter with Harrod-Domar, as I think every student should know Harrod-
Domar. I looked at some Chinese data and asked whether or not it fit. Now
of course Harrod-Domar is a growth model with no fluctuations. To have
fluctuations you can incorporate some lags. Introducing lags you get consump-
tion as a function of lagged consumption and income. You have a production
function relating capital stock and the level of income. If you difference that,
it becomes the relation between investment and the first difference in income.
That’s a multiplier-accelerator model. So having come up with that, I exam-
ined how well this mode! fits the Chinese data. So I wasn’t mining the data
first. I started with a theory.

So when you do this do you get surprises?

Well first of all, in the Chinese case, if the model didn’t work out [ could
always have the explanation that it was a Western model. But the surprising
thing was that the model performed beautifully. One thing I discovered is
the empirical validity of the accelerator model. I have written a number of
papers on it. It’s in my work on automobile demand, the multiplier-accelerator
model, and business cycles. I think that it is a basic economic law. In every
paper I have done explaining capital investment or purchase of durables, if
I regress that variable on current income and lagged income I get coefficients
of opposite signs but equal magnitude.

Okay. On teaching, when you went from IBM to Princeton, one of the
things that you were obviously going to have to do was to teach and,
except for lectures at Columbia, you had been out of that for some time.
Did you find that useful for your research in any way, or was that just
something you had to do?

Well, the optimal level of teaching is not zero. If you can decide on the sub-
ject matter you want to teach, and select the students, then I think everyone
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wants to do some teaching. But sometimes you are asked to teach a subject
in which you are not that interested. That is not too pleasant. Some amount
of teaching is good. When I have research problems and tentative solutions,
I often force myself to lecture on the subject in order to obtain suggestions
and criticisms from the students and to produce some usefu! results.

Have you ever had the case where a research idea came out of
teaching?

One example that comes to mind is my note [54] on Theil’s “BLUS Residu-
als.” I had to prepare lecture notes using Theil’s book. It was a popular book.
Then there was this chapter on BLUS residuals. Remember it? I had to lec-
ture on it. I knew the students wouldn't like it if I just followed his exposi-
tion. So | tried 1o prepare a simple lecture, and I think my note added a little
bit to the understanding of the subject.

In econometrics today, | have a feeling that the technology we are
seeing now is really concerned with dotting the i's and crossing the ¢'s.
It is not technology that is appropriate to the level of problems we want
to analyze. Do we really gain a tremendous amount out of a lot of our
young people knowing how to do those sorts of proofs in great detail?

1 am somewhat sympathetic toward current development in econometric
theory. I think this is a natural development, as the science of economics in
general is becoming more technical. Such a criticism was made when the tech-
nical levels were lower. I am not critical of this development because impor-
tant and relevant research is always a small fraction of total research whether
the irrelevant work is technical or not. I do not object to the increased ab-
straction of the current work as my tolerant predecessors did not object to
my more technical work. There are always people dotting the i's and cross-
ing the ¢’s. They were there before and they are there now. They will be there
in the future. The same kind of comments were made about the Cowles
Commission. There are always some people doing mainstream and impor-
tant research. But there are always people working on the periphery and dot-
ting the i’s. So I am not so sure today we are worse than before.

Okay, the last question: If you were a young man beginning your
career again, what sort of areas in econometrics would you concentrate
on, and what sort of training would you need?

1t is easy to say something about training. I think more mathematics would
be better, As for research areas, one has to follow what excites him or her
at the moment.

The point | am getting at is what would you think of as the exciting
areas in ecanometrics today?
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Today, perhaps we don’t have any major topics of research in econometrics
that get a lot of people excited. I mean, for example, something like the
Cowles Commission program on simultaneous equations or optimal control.
At one point these were major themes. Today I don’t know of any areas that
are comparable.

Do you think that this means we are going to see very few people
come into econometrics because there isn't this big exciting climate?
We saw a lot of people come in who were excited by the vision of
large-scale models and simultaneous equations. | get the impression
that a lot of people went into it for that reason in the 1960’s and then,
after that died away, we have found it very difficult to get people into
econometrics.

That was a big growth period. Even without simultaneous equations, it
revolved around the application of mathematical statistics to economics. Now
econometrics has become an established field. It will stay with us for a long
time even though there may be few radical developments. People keep on
writing papers and are interested in it.

The real question is whether or not you get stagnation after maturity,
as Steindl hypothesized.

No, it seems to me that in the foreseeable future quantitative methods will
be used for analyzing data. I don't think you can avoid it. So people have
to do econometrics. There are bound to be new ideas, better than what is
already known, so there is always progress. The field is there. It’s an impor-
tant field, as far as I know. There is no other way unless you have a direct
access to God, who tells you the truth about economics. As we don’t have
that, econometrics remains.
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