KOOPMANS, Tjalling Charles (1910-1985)*

Koopmans was born in the village of ’s Graveland, Netherlands (southeast of Amster-
dam) on 28 August 1910, of Sjoerd Koopmans (principal of a bible school) and Wijtske
van der Zee (also a teacher). He studied mathematics and statistics at the Univer-
sity of Utrecht under the theoretical physicist Hans Kramers, where he obtained a
master’s degree in 1933 and published a paper (that is still cited) on quantum me-
chanics (reproduced in Koopmans 1970). His interests shifted to economics, and he
studied under Jan Tinbergen at the University of Amsterdam in 1934, where he met
Truus Wanningen whom he was to marry in 1936. Tinbergen was then a professor
at the Netherlands School of Economics in Rotterdam and lectured once a week in
Amsterdam. While at Amsterdam, Koopmans spent five months in Oslo with Rag-
nar Frisch, where at Frisch’s request he gave some lectures on new developments in
statistics by R. A. Fisher and J. Neyman, but failed to persuade Frisch of the mer-
its of their probability models. Koopmans’s Ph. D. dissertation on linear regression
was supervised by Kramers, in consultation with Tinbergen on the economic aspects;
since Kramers had by then moved to the University of Leiden, the Ph. D. was granted
by that institution in November 1936. It was published the following year.

When Tinbergen was called to the League of Nations in Geneva in 1936-8 to do
research on business cycles, Koopmans took over his class at Rotterdam, and worked
on his monograph on tankships which was published in 1939. After Tinbergen’s
return to Rotterdam in 1938, Koopmans took his place in Geneva. While there he
became acquainted with James Meade, who interested him in welfare economics, and
he attended a conference on Tinbergen’s work held at Oxford, where he met Jacob
Marschak. World War II broke out, and since Koopmans had received an invitation
from the renowned statistician Samuel Wilks at Princeton, he decided to make the
move with his family in 1939. He was engaged as a research assistant at Princeton and
taught a course in statistics at New York University. Meanwhile, Marschak had left
Oxford to become a professor at the New School of Social Research, and Koopmans
attended his seminars. In 1941 he was hired as an economist at the Penn Mutual
Life Insurance Company in Philadelphia, and in 1942 he worked as a statistician
at the British Merchant Shipping Mission in Washington, during which time he did
research on optimal routing of ships. In 1943 Marschak became director of research
at the Cowles Commission for Research in Economics at the University of Chicago,
and in 1944 Koopmans accepted his invitation to join Cowles as a research associate.
Koopmans was appointed an associate professor of economics in 1946, and professor
from 1948 to 1955. He became director of research at Cowles in 1948, continuing to
1954.

The years at Chicago saw a meteoric rise in Koopmans’s reputation. In 1950 he
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was elected president of the Econometric Society; his two major Cowles Commission
monographs were published in 1950-51, and a third in 1953. In 1955, owing to dis-
agreements on methodology with the economics department at Chicago, he moved to
Yale along with the Cowles Commission which was renamed the Cowles Foundation.
He became its director from 1961 to 1967. In 1969 he was elected to the National
Academy of Sciences; he became a member of the National Research Council’s Com-
mittee on Nuclear and Alternative Energy Systems in 1975-8; and in 1975 he shared
the Nobel Memorial Prize in Economic Sciences with Leonid Kantorovich. In 1978
he agreed to assume the presidency of the American Economic Association after the
death of its president-elect Jacob Marschak; he had previously turned it down owing
to the pressure of his research. After a series of strokes, he died in New Haven on 28
April 1985.

There were three major research programmes that occupied Koopmans’s lifetime
work. These will be discussed in turn.

Econometrics

Koopmans’s 1937 thesis, whose contribution is well described by Malinvaud (1972)
and Christ and Hurwicz (1987), introduced concepts from probability theory and
modern statistical inference into econometrics, and thus preceded Haavelmo’s impor-
tant 1944 monograph and 1943 and 1947 contributions, which ushered in the famous
‘simultaneous-equations’ approach introduced by Koopmans (1945, 1949a, 1950c).
Koopmans’s contribution was to turn Haavelmo’s approach and his own previous
work into a rigorous statistical methodology, which will now be briefly described.

Economists had long been troubled by the fact that in estimating a demand function
one had to allow for the fact that all the econometrician could observe was points
of intersection of demand and supply curves. Koopmans perceived that in order to
estimate a demand function, demand would have to be independent of some variables
that enter into the supply function (such as rainfall in the case of an agricultural
product), and likewise to estimate a supply function, the supply would have to be
independent of some variables affecting demand (income, for example). This led to
his formulation of the identification problem (Koopmans 1949a, Koopmans, Rubin,
and Leipnik 1950c).

The identification problem may be illustrated by the following system of two equa-
tions, which subsumes the above demand-and-supply model as a special case:

(S) Y = YY1 + TP + Tl + Ti3fs + €,
Y = YYo2 + T fie + Tz + Ti3fs2 + €10

Here, y;1 and y;o stand for the quantity and price (of wheat, say) at time ¢, x; = 1
is the constant term, w4 is rainfall and ;3 another variable, at time ¢, and the &



are random variables with zero means. The first equation is the demand function,
the second equation the supply function. The y;; are the endogenous, and the zy;
the exogenous variables in the system (S), which Koopmans called the ‘structure’.
Provided 71 # 722 (the demand and supply curves are not parallel), the structure
(S) may be solved to obtain what he called the ‘reduced form’:

Y = TuTi1 + T + Te3Ts1 + N,
Y2 = Tp1Ti2 + TeaMo2 + Te3Ts2 + N2,

(R)

expressing the two endogenous variables (quantity and price) as functions of the three
exogenous ones. Now from (R) we have

Yt1 — Y2Y21 — IEt1(7T11 - 7T12721) + IEt2(7T21 - 7T22721) + IEt3(7T31 - 7T32721)
+Me1 — M2Ye1,
Yt1 — Y2Yo2 — IEt1(7T11 - 7T12722) + IEt2(7T21 - 7T22722) + IEt3(7T31 - 7T32722)

+Mi — M2Y22-

For these two equations to agree with the respective two equations of the structure
(S), we must have

B11 = Tl — Ti2Ye1, [o1 = Mo1 — MaoYe1, a1 = T3 — Ta27Y21;
B2 = 11 — 1272, [Poo = Mo1 — Ma2Ye2, s = 31 — Ta27Y22.

Since the m;; can always be estimated consistently by ordinary least squares, they
may be taken as given, hence the first of the above set is a system of three equations
in the four unknowns (11, f21, 31, and 791 (and similarly for the second). Thus these
parameters cannot be ‘identified’ unless an a priori restriction is made. So if we
assume that rainfall x5 does not enter into the demand equation, we have 51 = 0,
which leads to 791 = a1 /72, which can be substituted into the other two equations to
obtain (311 and [31—as long as mae # 0. But mo #£ 0 if and only if Gos # 0, which can
be seen as follows. Given that 791 # Y99 and 21 = 0 by assumption, if w9y # 0 then
from the above equations (3o # (1 = 0; conversely, if 99 = 0 then [Fog = G271 = 0.
This is a special case of the necessary and sufficient ‘rank condition’ for identifiability
(Koopmans et al. 1950c), namely that the rank of the ‘rank-criterion matrix’ be
equal to one less than the number of equations (in this case, rank([0, fa2]) = 1).
The necessary ‘order condition’ states that the number of restrictions imposed on the
parameters of an equation be at least one less than the number of equations.

If in the above example one imposes an additional restriction on the first equation
of (S), say (31 = 0, then we have Vo1 = a1 /Taa = m31/m32 and the five parameters
must be estimated jointly subject to m;; + w21 = 0 for ¢ = 2,3. Most of the work
in simultaneous-equations estimation consists in estimating the parameters ;; of the
reduced form jointly with the ~;; subject to restrictions of the above sort. Koop-
mans, Rubin, and Leipnik (1950c) derived such estimators when linear restrictions
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are imposed on the parameters of all the equations of the system, using the method
of maximum likelihood, when the &;; are assumed to be jointly normally distributed.
This is known as the method of ‘full-information maximum likelihood’ (FIML). Al-
though not published until 1950, this paper had already been completed in 1945 (see
Koopmans 1945, p. 455n). Later, Anderson and Rubin (1949) developed the simpler
‘limited-information maximum likelihood’ (LIML) method in which account is taken
only of restrictions on one equation. A still simpler method for the latter was later
developed by Theil (1958) called ‘two-stage least squares’ (2SLS), and an equivalent
one by Basmann (1957). The FIML and LIML methods were both implemented by
Klein (1950). Finally a simpler full-information method was developed by Zellner and
Theil (1962), called ‘three-stage least squares’ (3SLS). It was proved by Koopmans,
Rubin, and Leipnik (1950c), and more simply in Koopmans and Hood (1953c), that
the FIML estimators are (asymptotically) consistent; the same is true of the other
estimators.

In his 1945 paper and elsewhere, Koopmans argued strongly in favor of simultaneous-
equations methods as opposed to single-equation least-squares methods of estimation,
basing himself on the superior asymptotic properties of the former. Later work by
Bergstrom (1962), Basmann (1974), and others showed, however, that the properties
of the former are not necessarily better in small samples. For example, in the above
illustration, if one estimates Vo1 by 421 = pa1/po2, where the p;; are the least-squares
estimators of the 7;;, then if the £;; are normally distributed so are the p;;, hence 421
has no mean, variance, or other moments. Consequently its density function will have
‘thick tails’, leading to frequent outliers. One might want to dismiss this objection on
the ground that prices and quantities, being intrinsically positive, cannot actually be
normally distributed. However, the logical problem remains. Today the emphasis has
shifted towards examining finite-sample properties of alternative estimators (Ullah
2005, Ch. 7).

Activity analysis

Koopmans’s novel approach to production theory stems in good part from his early
1939 work on tanker freight rates and his subsequent work on utilization of the trans-
portation system (see Koopmans 1942, 1949b), culminating in his monograph (1951a).

Economists are used to dealing with systems of production functions of the general
form

Qj = fj(ulj,qu, e ,unj,vlj,vgj, e ,Umj), ] = 1,2, oo n

where u;; is the amount of the 7th intermediate input and v;; the amount of the
¢th primary input into the process of producing ¢; units of commodity j, where
the primary inputs are subject to the resource-allocation constraints Z}f‘zl vy < (; for
1=1,2,...,m, [; being the endowment of the ¢th factor of production in the economy.



A special case of the above is that in which f; has the form (for fixed a;j, b;;)

. U5 U2j Uon V1j U2y Umj
min —,—,...,—,b—,b—,...,b— .
a15 a2j Qopn 015 02j mj

This is the case of a Walrasian ‘fixed-coefficients’ technology, since wu;; = a;;q; and
vij = bijq; for all 7, j. The a,; are the celebrated ‘input-output coefficients’ of Leontief
(1951), and the b;; for m = 2 his labour and capital coefficients. Defining the n x n
input-output matrix A = [a;j] and the the m x n factor-output matrix B = [b;;],
given the column vector ¢ = (q1,¢q2, ..., qn)" of gross outputs, the column vector of
net outputs is defined by y = (I — A)gq, where I — A is the ‘Leontief matrix’. The
resource-allocation constraint is Bq < [, where [ is the m x 1 column vector of factor
endowments. In terms of the net outputs y (Leontief’s ‘bill of goods’), the resource-
allocation constraint is B(I — A)~ly <.

Koopmans’s model (1951b) lies in between these two extremes, although it has the
additional advantage of allowing for joint production. A commodity is either a final
good, an intermediate good, or a primary factor. With n goods (final or intermediate)
and m factors, there are N = n + m commodities. Inputs, whether primary or
intermediate, are treated as negative commodities. Defining ypi = —Bq > —1 = 7,
and the vector § = (¢, 4,,;)', and stacking the above matrices I — A and —B on top of
one another to obtain an N x n matrix C, and finally assuming y > 0 (the economy
is closed to international trade), we obtain

.

0|

The columns of the matrix C constitute ‘activities’ in Koopmans’s sense, and the
gross outputs ¢; are the nonnegative ‘activity levels’. In the case of the above Leontief
model, there is one activity for each industry. Koopmans’s model allows for arbitrarily
many of them, and imposes the two assumptions of additivity (activities can be added
to each other) and divisibility (activities can be uniformly expanded or contracted at
any scale). Of course, these imply constant returns to scale.

g_[ Yy ]_lI_A]q—C’q where ¢ >0 and ¢y >
Ypri —B

An illustration can be given in which there are two industries and two activities in
each industry, so that

1 2 1 2 47
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Normalizing so that each activity uses up one unit of the one primary factor, and



separating out the two industries, we have

[ 1— ah 1- a%l | [ —ab _G%Q |
1 B) 1 B)
B | [l B T | reha] [w
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b}, b3, b1a1 bi, b2, bi265 Y3
i —1 —1 | i —1 —1 |

Here, the new activity levels b’qu;? can no longer be identified with gross outputs. In

this illustration, each production function, depicting the net output of the industry
as a function of the input from the other industry, together with an input of 1 unit
of labour, is a broken curve with two linear segments. It is clear that in general the
classical smooth production function is replaced by a broken curve with a number of
linear segments (see Koopmans 1953b). In Koopmans’s view, this represented more
closely than the neoclassical production function the decisions to be made on the part
of entrepreneurs, which he felt should not be excluded from economic analysis.

It was shown in Chs. VII-X of Koopmans 1951a (by P. A. Samuelson, T. C. Koop-
mans, K. J. Arrow, and N. Georgescu-Roegen) that in economies with a single pri-
mary factor of production, each industry (producing just one final commodity) would
efficiently use just one process of production. This result (called the ‘substitution the-
orem’ but subsequently renamed the ‘nonsubstitution theorem’) justified Leontief’s
assumption of fixed technical coefficients. But H. Simon showed (Ch. XV) under
the same assumptions that a technological change in just one industry would trigger
changes in input-output coefficients in all the other industries (his ‘trigger effect’).

Koopmans’s main concern was with productive efficiency, defined as a state in which
it is impossible to increase one component of § without reducing some other. The
set of y = Cq for ¢ > 0 defines a convex polyhedral cone in N-dimensional space.
He showed (p. 63) that for a point  in this cone to be efficient it is necessary and
sufficient that there exist a positive price vector p such that p’C < 0 (profits are
nonpositive on all possible activities) and p'y = 0 (profits are zero on the efficient
activity ¢). Given the data on the technology, such efficient points can be computed
using the simplex method of linear programming (Dantzig 1951a).

Of particular interest is Koopmans’s application of this theory to the transportation
problem (Koopmans 1942, 1949b, Koopmans and Reiter 1951c), derived indepen-
dently of an earlier formulation by Hitchcock (1941). In the simplest case, that of
transportation of cargo between ports ¢ and j, since ships must make a round trip,
in general some must travel empty in one direction, so the marginal cost of shipping
must be greater in the full than in the empty direction. In the two-port case, if ¢;; is
the cost of loading, moving, and discharging cargo from 7 to 7, and s;; is the cost of
moving empty from ¢ to j, then the marginal cost (expressed relatively to the rental
of the relevant shipping capacity) of moving some additional cargo from ¢ to j is,
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in the case in which there is initially empty (ballast) traffic from ¢ to j, given by
pij = tij — sij < t4j, since the ship will be moving from ¢ to 7 in any event. In the
case in which there is initially fully loaded traffic from ¢ to j, the formula for the
marginal cost is p;; = t;; + s > ti;, since to the direct cost t;; one must add the
indirect cost sj; of moving the ship back empty from j to 7. As shown in Koopmans
(1949b, p. 190) and Koopmans and Reiter (1951¢, p. 237), these formulas can be
simplified by introducing the idea of a locational potential p;, which is the price of
the intermediate commodity ‘ship appearance at port ¢’, which of course is an input
into the ‘production’ of the commodity ‘moving cargo from ¢ to j’. If ballast traffic
is currently moving from ¢ to j, then s;; = p; — p; > 0, since port j has a higher
locational potential than port . On the other hand, if fully loaded traffic is currently
moving from ¢ to j, then s; = p; — p;, but now p; > p; since port ¢ has higher
locational potential than port j, hence the marginal cost of moving cargo from ¢ to j
is pij = tij + Sji = tij +pi — pj > ti;. In both cases, and in fact in the general case of
multiple ports, the formula for the marginal cost is p;; = t;; + p; — p; (Koopmans and
Reiter 1951c, p. 254), where p; — p; is the indirect cost of shipping an extra unit from
1 to j—positive when the current movement of fully loaded traffic is from ¢ to j, and
negative in the opposite case. A solution to the transportation problem was derived
by Dantzig (1951b) using his simplex method, and related to Koopmans’s treatment
in terms of a potential function.

While Koopmans (1949b, pp. 191-2) held that the international shipping market in
peacetime years had been highly competitive and that ‘a perfectly competitive market
automatically brings about pricing according to marginal cost’, it was admitted by
Koopmans and Reiter (1951c, p. 257) that ‘the type of contract that would make
the p; observable as market prices has to our knowledge not been in use in ocean
shipping or in any other transportation market’. Koopmans noted (1949b, p. 192) that
domestic railroad transportation in the U.S., being subject to government regulation,
was highly inefficient, as evidenced by equal transport costs in opposite directions.
Both the 1949 and 1951 contributions contained computations of efficient routes for
empty international shipping using 1925 and 1913 data respectively.

Koopmans’s deep concern with efficiency and economic welfare led him to write a
masterful exposition of this general topic in the first of his Three Essays (1957),
which is probably his best-known work.

Intertemporal economics

Koopmans showed an early interest in the formulation of preferences over time, con-
centrating at first (1950a, 1953a) on the desirability of postponing unnecessary future
decisions (see also Koopmans 1964). His important 1960 paper, followed by his 1964
paper with Diamond and Williamson, presented a set of postulates on consumer pref-



erences over time that would justify representing these preferences by a utility function
of the form U(zy, xa, ...) = >.7°, o' tu(z,), where « (satisfying 0 < o = 1/(1+p) < 1)
is a discount factor and p > 0 is a positive rate of time preference. Such a discount
factor of course gives a greater weight to the present than to the future, and is an
indication of ‘impatience’ in Irving Fisher’s terminology. A special postulate ensures
constancy of a which in turn implies ‘cardinality’ of the utility index. The 1964 paper
with Diamond and Williamson introduced a still stronger cardinal property of ‘time
perspective’. His two 1972 articles provided rigorous expositions of these very difficult
topics.

Koopmans’s important 1965 paper dealt with the normative problem of optimal eco-
nomic growth. He recognized (p. 226) the position of a number of economists that
‘the balancing of the interests of different generations is an ethical or political prob-
lem’, and that one should therefore take an eclectic view. This was fortified by his
observation (p. 229) that ‘ignoring realities in adopting “principles” may lead one to
search for a nonexistent optimum, or to adopt an “optimum” that is open to unantic-
ipated objections’. He chose a simple Solow-type model in which a single commodity
does duty as capital and consumer good, with a neoclassical production function and
labour growing at a constant rate, and applied both a utility function with a constant
discount factor and the ‘overtaking principle’ (which goes back to Ramsey 1928) in
which the discount factor a equals 1. He treated continuous time, so that the dis-
count factor « = 1/(1 + p) is replaced by o = e *. He showed (not surprisingly)
that p = 0 is the smallest rate of time preference for which an optimal path exists.
An optimum for p = 0 exists only if welfare comparisons are made on a per capita
basis: ‘There seems to be no way, in an indefinitely growing population, to give equal
weight to all individuals living at all times in the future’, hence ‘the open-endedness
of the future imposes mathematical limits on the autonomy of ethical thought’ (p.
254). In the case p > 0 he found that the optimal path converges to the ‘golden rule’
path in which the marginal productivity of capital is equal to the rate of growth of
the population. He found a similar result using the overtaking criterion. A witty and
authoritative exposition was added by Koopmans (1967).

Most of Koopmans’s last works (1973, 1974, 1980, 1987) were devoted to the consid-
eration of natural resources, which had been left out of account in most of the growth
models until then. This work was influenced by his activities with the National Re-
search Council.

In his important 1973 article, Koopmans was influenced by Hotelling’s 1939 treatment
of the economic theory of the mine owner and Gale’s fascinating 1967 treatment
of the problem of the ‘cake eater’ given an infinite time to eat a (nonperishable)
cake. He combined this with Ramsey’s 1928 model of a consumer good produced
by labour and capital with labour constant and the marginal productivity of capital
equal to zero for sufficiently high input of capital (‘capital saturation’), expressing



instantaneous utility as the sum of specific utility functions of the consumer good and
the extracted resource. In terms of this model he found (p. 247) that ‘discounting
future utilities favors an earlier generation over any surviving later generation, and
shortens the period of survival’. This model was further analyzed in Koopmans
(1974), and an interesting general discussion was given in Koopmans (1980) where
he expressed approval of the approach of Dasgupta and Heal (1974) in which the
extracted resource is instead treated as a third factor of production for the single
consumer good. His concern in this paper with econometric estimates of demand
functions with constant elasticities led to his last and posthumously-published paper
with Uzawa (1990).

The last of the four works on exhaustible resources, a cooperative venture with an
economist (Nordhaus) and two geologists (Gordon and Skinner), which was virtually
completed before his death and published posthumously, shows his stamp in Chap-
ters 1 and 4-5 with the construction and solution of a linear programming model of
copper production—activity analysis applied to the intertemporal domain much as
he had applied it to the interspatial one. Chapter 1 provides a beautiful exposition of
the model and its dual, with emphasis on efficiency and the corrresponding shadow
prices. The most interesting conclusion is that intertemporally efficient production
of copper—which is currently extracted from a geochemically scarce ore, and which
has aluminium as a close (but more expensive) substitute—requires that copper be
extracted until it is depleted, then replaced (when possible) by the superabundant alu-
minium, and (when this is not possible) by the abundant but probably prohibitively
expensive rock source. As in Hotelling (1939), the efficiency price of copper rises ex-
ponentially. The existence of futures as well as spot prices was assumed (pp. 10-11);
since futures prices are rarely quoted beyond two years, the question of the efficiency
of the market system was left open.

Concluding remarks

There have been several significant appreciations of Koopmans’s work and accounts
of his life: those of the editors’ introduction to Koopmans (1970), Malinvaud (1972),
Werin and Jungenfelt (1976), Christ and Hurwicz (1987), and Scarf (1995). To these
one may add Koopmans’s autobiography (1975). Most of his significant papers have
been reproduced in Koopmans (1970, 1985), where one will also find bibliographies.

Koopmans clearly had a major impact on the economics profession. Prior to Koop-
mans, many economists were satisfied with vague or incompletely-thought-out hy-
potheses and conjectures in the place of rigorous proofs. It is a mark of his contribu-
tions, quite apart from their substantive nature, that he had a deep influence on the
nature of economic research.

Koopmans was a man of strong convictions and gentle temperament. He was very



musical. This writer is in possession of a copy of his 14-page score, ‘Piano Pieces
for Children of all Ages’, performed and presented during a visit to our home on 6
December 1980.

BIBLIOGRAPHY

Linear Regression Analysis of Economic Time Series, Haarlem: De Erven F. Bohn

N.V., 1937.

Tanker Freight Rates and Tankship Building. An Analysis of Statistical Fluctuations,
Haarlem: De Erven F. Bohn N.V., and London: P. S. King & Son, Ltd., 1939.

‘Exchange Ratios between Cargoes on Various Routes’, Memorandum for the Com-
bined Shipping Adustment Board, Washington, D.C., 1942, first published in Koop-
mans 1970, 77-92.

‘Statistical Estimation of Simultaneous Economic Relations’, Journal of the American
Statistical Association 1945, 40: 448-66. Reprinted in Koopmans 1970, 93-111.

‘Identification Problems in Economic Model Construction’, Econometrica 1949, 17:
125-44. (a) Reprinted in Koopmans 1970, 164-83. Revised version reprinted in Hood
and Koopmans 1953, 27-48.

‘Optimum Utilization of the Transportation System’, Proceedings of the International
Statistical Conferences, 1947, 1949, 5. 13645, reprinted in Econometrica 1949, 17:
Supplement, 136-45. (b) In Koopmans 1970, 184-93.

‘Utility Analysis of Decisions Affecting Future Well-Being’ (abstract), Econometrica
1950, 18: 174-5. (a)
Statistical Inference in Dynamic Economic Models (ed), New York: John Wiley &
Sons, Inc., 1950. (b)

‘Measuring the Equation Systems of Dynamic Economics’ (with H. Rubin and R. B.
Leipnik), in Koopmans 1950b, 53-237. (c)

Activity Analysis of Production and Allocation (ed), New York: John Wiley & Sons,
Inc., 1951. (a)

‘Analysis of Production as an Efficient Combination of Activities’, in Koopmans
1951a, Ch. II1, 33-97. (b)

‘A Model of Transportation’ (with S. Reiter), in Koopmans 1951a, Ch. XIV, 222-59.
(c)

‘La notion d’utilité dans le cas de décisions concernant le bien-étre futur’, Cahiers du
Séminaire d’Econométrie 1953, 3: 7-10. (a)

‘Maximization and Substitution in Linear Models of Production’, in Input-Output
Relations, Leiden: Stenfert Kroese, 1953, 99-109. (b) Reprinted in Koopmans 1970,
231-42.

10



‘The Estimation of Simultaneous Economic Relationships’ (with W. C. Hood), in
Hood and Koopmans 1953, 112-99. (c)

Three Essays on the State of Economic Science, New York: McGraw-Hill Book Com-
pany, Inc., 1957.

‘Stationary Ordinal Utility and Impatience’, Econometrica 1960, 28: 287-309. Re-
printed in Koopmans 1970, 387-409.

‘Stationary Utility and Time Perspective’ (with P. A. Diamond and R. E. William-
son), Econometrica 1964, 32: 82-100. Reprinted in Koopmans 1970, 410-28.

‘On Flexibility of Future Preference’, in Human Judgments and Optimality (ed M.
W. Shelly, II, and G. W. Bryan), New York: John Wiley, 1964, 243-54. Reprinted in
Koopmans 1970, 469-80.

‘On the Concept of Optimal Economic Growth’, Pontificae Academiae Scientiarum
Scripta Varia 1965, 28: 225-87. Reprinted in Koopmans 1970, 485-547.

‘Intertemporal Distribution and “Optimal” Aggregate Economic Growth’, in Ten
Economic Studies in the Tradition of Irving Fisher, New York: John Wiley & Sons,
Inc., 1967, 95-126. Reprinted in Koopmans 1970, 563-94.

Scientific Papers of Tjalling C. Koopmans, ed M. Beckmann, C. F. Christ, and M.
Nerlove, Berlin: Springer-Verlag, 1970.

‘Representation of Preference Orderings with Independent Components of Consump-
tion” and ‘Representation of Preference Orderings over Time’, in Decision and Orga-
nization: A Volume in Honor of Jacob Marschak (eds C. B. McGuire and R. Radner),
Amsterdam: North-Holland, 1972, 5778, 79-100. (a) Reprinted in Koopmans 1985,
81-102, 103-24.

‘Some Observations on “Optimal” Economic Growth and Exhaustible Resources’, in
Economic Structure and Development: Essays in Honour of Jan Tinbergen (ed H.
C. Bos, H. Linnemann, and P. de Wolff), Amsterdam: North-Holland, 1973, 239-55.
Reprinted in Koopmans 1985, 163-79.

‘Ways of Looking at Future Economic Growth, Resource and Energy Use’, in Energy:
Demand, Conservation, and Institutional Problems (ed M. S. Macrakis), Cambridge,
Mass: MIT Press, 1974, 3-15.

Autobiography, 1975, in Economic Sciences, 1969-1980: The Sveriges Riksbank (Bank
of Sweden) Prize in Economic Sciences in Memory of Alfred Nobel (ed Assar Lind-
beck), Singapore and River Edge, N.J.: World Scientific Publishing Co., 1992, 232-38.

‘The Transition from Exhaustible to Renewable or Inexhaustible Resources’, in Eco-
nomic Growth and Resources, Vol. 3, Natural Resources (ed C. Bliss and M. Boserup),
London: Macmillan, 1980, 3-11. Reprinted in Koopmans 1985, 263-71.

11



Scientific Papers of Tjalling C. Koopmans, Vol. II, Cambridge, Mass.: The MIT
Press, 1985.

Toward a New Iron Age? Quantitative Modeling of Resource Exhaustion (with R. B.
Gordon, W. D. Nordhaus, and B. J. Skinner), Cambridge, Mass: Harvard University
Press, 1987.

‘Constancy and Constant Differences of Price Elasticities of Demand’ (with H. Uza-
wa), in Preferences, Uncertainty, and Optimality: Essays in Honor of Leonid Hurwicz
(eds J. S. Chipman, D. McFadden, and M. K. Richter), Boulder, Colorado: Westview
Press, 1990, 3-43.

Anderson, T. W., and H. Rubin, ‘Estimation of the Parameters of a Single Equation
in a Complete System of Stochastic Equations’, Annals of Mathematical Statistics
1949, 20: 46-63.

Basmann, R. L., ‘A Generalized Classical Method of Linear Estimation of Coefficients
in a Structural Equation’, Econometrica 1957, 25: T7-83.

Basmann, R. L., ‘Exact Finite Sample Distributions for Some Econometric Estima-
tors and Test Statistics: A Survey and Appraisal’, in M. D. Intriligator and D. A.
Kendrick (eds), Frontiers of Quantitative Economics, Vol. II (Amsterdam: North-
Holland Publishing Company, 1974), 209-71.

Bergstrom, A. R., ‘The Exact Sampling Distributions of Least Squares and Maximum
Likelihood Estimators of the Marginal Propensity to Consume’, Econometrica 1962,
30: 480-90.

Christ, C., and L. Hurwicz, ‘Koopmans, Tjalling Charles (1910-1985)’, in The New
Palgrave. A Dictionary of Economics (ed J. Eatwell, M. Milgate, and P. Newman),
Vol. 3, London: The Macmillan Press Limited, 1987, 62—7.

Dantzig, George B., ‘Maximization of a Linear Function of Variables Subject to Linear
Inequalities’; in Koopmans 1951a, Ch. XXI, 339-47. (a)

Dantzig, George B., ‘Application of the Simplex Method to a Transportation Prob-
lem’; in Koopmans 1951a, Ch. XXIII, 359-73. (b)

Dasgupta, P. and G. Heal, ‘The Optimal Depletion of Exhaustible Resources’, Review
of Economic Studies 1974, Symposium: 3-28.

Gale, D., ‘On Optimal Development in a Multi-Sector Economy’, Review of Economic
Studies 1967, 34: 1-18.

Haavelmo, T., ‘The Statistical Implications of a System of Simultaneous Equations’,
Econometrica 1943, 11: 1-12.

Haavelmo, T., ‘The Probability Approach in Econometrics’, Econometrica 1944, 12:
Special Supplement, 1-115.

12



Haavelmo, T., ‘Methods of Measuring the Marginal Propensity to Consume’, Journal
of the American Statistical Association 1947, 42: 105-22. Reprinted in Hood and
Koopmans 1953, 75-91.

Hitchcock, F. L, ‘“The Distribution of a Product from Several Sources to Numerous
Localities’, Journal of Mathematics and Physics 1941, 20: 224-30.

Hood, W. C., and T. C. Koopmans (eds), Studies in Econometric Method, New York:
John Wiley & Sons, Inc., 1953, and New Haven: Yale University Press, 1970.

Hotelling, H., “The Economics of Exhaustible Resources’, Journal of Political Econ-
omy 1939, 39: 137-75.

Klein, L. R., Economic Fluctuations in the United States, 1921-1941, New York:
John Wiley & Sons, Inc., 1950.

Leontief, W. W., The Structure of American Economy, 1919-1929, 2nd ed., Cam-
bridge, Mass.: Harvard University Press, 1951.

Malinvaud, E., ‘The Scientific Papers of Tjalling C. Koopmans: A Review Article’,
Journal of Economic Literature 1972, 10: 798-802.

Ramsey, F. P.; ‘A Mathematical Theory of Saving’, Economic Journal 1928, 38:
543-59.

Scarf, H. E., ‘Tjalling Charles Koopmans, 1910-1985’, National Academy of Sciences
Biographical Memoirs (Washington, D.C.: The National Academy Press) 1995, 67:
1-31.

Theil, H., Economic Forecasts and Policy, Amsterdam: North-Holland Publishing
Company, 1958. Second revised edition, 1961.

Ullah, A., Finite Sample Econometrics, Oxford: University Press, 2004.

Werin, L., and Jungenfelt, K. G., ‘Tjalling Koopmans’ Contribution to Economics.
. Activity Analysis, Methodology and Econometrics. II. Koopmans and the Recent
Development of Growth Theory’, Scandinavian Journal of Economics 1976, 78: 81—
93, 94-8, 99-102.

Zellner, A., and H. Theil, ‘Three-Stage Least Squares: Simultaneous Estimation of
Simultaneous Equations’, Econometrica 1962, 30: 54-78.

John S. Chipman

13



