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Abstract

Sir Richard Stone, knighted in 1978 and Nobel Laureate in Economics in 1984, was one of
the pioneering architects of national income and social accounts, and one of the few
economists of his generation to have faced the challenge of economics as a science by
combining theory and measurement within a cohesive framework. He was awarded the
Nobel Prize in Economics for his “fundamental contributions to the development of national
accounts”, but made equally significant contributions to the empirical analysis of consumer
behaviour. His work on the “Growth Project” was also instrumental in the development of
appropriate econometric methodology for the construction and the analysis of large
disaggregated macroeconometric models. This paper provides an analysis of Stone’s many
contributions.
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Life and Work of John Richard Nicholas Stone 1913 — 1991 1

John Richard Nicholas (Dick) Stone was born on 30 August 1913, the only child of
Gilbert and Elsie Stone. His father was a distinguished lawyer. The family was a happy
one; Dick had great affection for his parents, always wishing to please them and
distressed if he had to upset them. He was always a kindly, loving and considerate person
for whom personal clashes were traumatic events to be avoided if at all possible. This did
not, however, mean that Dick would give in or could be diverted easily from the course
that he had set himself. He had the typical education of an English upper middle class
boy of that time — a prep school (Cliveden Place) followed by a public school
(Westminster) where he did classics. His future brilliance medisn evidence at his
secondary school because he was not taught the subjects which would have interested him
— mathematics (past school certificate), and scienkte was therefore overcome with
boredom for most of his secondary school days. So when his parents went to India in
1930 - his father had been appointed a High Court judge at Madras — Dick went too.
When his father asked the headmaster “What are we going to do about Dick?”, he replied
“I should take him with you, he doesn’t seem to be doing much good here”. So in the
year between school and university Dick “danced, played tennis, and travelled a bit round

India [Malaya, Singapore and Java] ... all highly enjoyable.” (Pesaran 1991, 87).

He went up to Cambridge in 1931, to Gonville and Caius, and read law for two years,

!In writing this obituary article we have been greatly helped by reading, in addition to Stone’s own writings, the
excellent accounts of his work given by Leif Johansen (1985) agdsADeaton1(987,1993). We have also

drawn on two examples of oral history with which the authors are associated: Pesaran (1991) and Harcourt
(1995). We are most grateful to Lady Stone for allowing us to look at Dick’s correspondence, and for her
general help and advice.

“It is a remarkable achievement that his papers are noted not only for their emphasis on quantification and
measurement but also for innovative and difficult (in the Frisch sense of not dodging difficulties) mathematical
analysis. Stone acquired these techniques as an avid reader and from discussions with friends who were good
mathematicians.



getting firsts in the Tripos Exams but not enjoying the subject. In his second year, 1932-
33, he says he did “a foolish and rather unkind thing”. He “was determined ... to switch to
economics [so he] never opened a law book after Christmas 1932 [but] read Irving Fisher,
Marx, Freud, Lenin and popularized science.” (Pesaran 1991, 87). As with many other
idealistic young people of that time, he was appalled by the high level of unemployment
and wanted to know what caused it and what could be done about it: “Youthful
inexperience and innate optimism [made him] think that if there were more economists,
the world would be a better place” (Pesaran 1991, 88). So, despite his parents’
disappointment, he read economics for the next two years, again getting firsts and this
time enjoying his studies. Caius then did not have an economics fellow so Stone was
supervised by Richard Kahn at King's and J.W.F. Rowe at Pembroke in his first year and
by Gerald Shove at King's in his second year. He thought Richard Khan and Joan
Robinson were the best teachers on the theoretical side, but it was Colin Clark who had
the “greatest influence” on him. Colin Clark was teaching statistics to economists in
Cambridge and captured the imagination of young Stone who believed the economics that
was being taught was insufficiently quantitative and found Colin Clark’'s work on the
measurement of the national income a breath of fresh air. Dick and Colin became great
friends; “possibly the first of the many economists who were to be counted ... as close
friends”. (Pesaran 1991, 88). A gift for close friendship was one of Richard Stone’s most

outstanding and attractive traits.

One of the exercises Dick carried out as an undergraduate was to estimate the parameters
of a Cobb-Douglas production function (it was his “first calculation of a least-squares
regression ... carried out on a small Monroe ... a twenty-first birthday present [from his
parents]” (Pesaran 1991, 89). He tried to explain his procedure to Pigou. When he
finished, Pigou “not unkindly” said: “Doubtless it is all very interesting but | still don’t
understand. Goodbye, Mr Stone, come and see me again. Always glad to help” (Pesaran
1991, 89). In his final year (1935) the examiners were Pigou, Guillebaud, Austin
Robinson, and Hicks. Dick obtained a first along with four others that included David

Champernowne and David Bensusan-Butt.



After graduating, because he was sorry that he had upset his parents by reading economics
(the first serious clash he had ever had with them), he went into the City, working as an
insurance clerk at C.E. Heath and Co., Lloyd’s Brokers. He “learned the business and a
good deal about life, but [he] never should have become a businessman”, and he
eventually persuaded his father of this. (Pesaran 1991, 90). Nor did he sever his link with
economics. Through Clark, who left for Australia in 1937, Dick and his first wife,
Winifred Mary Stone (who, as W.M. Jenkins, had graduated in economics in the same
year as Dick) took over the production of ‘Trends’, a feature in the molmtiystry
lllustrated, for nearly two years, [2,4,‘?]?I'his entailed producing each month graphs of
British economic time series with commentary as well as specialist articles on virtually
anything and everything. In 1938 the Stones published one of the first articles to provide
empirical estimates of the marginal propensity to consume and the multiplier, [3]. All this
work was combined with an active social life, giving their own dinner parties and being

greatly in demand as guests at other people’s tables.

Partly because he was known for his writingsTirends’, when the Second World War
became imminent, Dick was asked to join the Ministry of Economic Warfare, which he
did at the outbreak of war on 2 September 1939. He was given the task of tracking the
imports of neutral countries. This led to him making one of the most accurate predictions
in the history of economic forecasting — only to have it ridiculed and himself reprimanded
by “the Italophile section of the Foreign Office” (Pesaran 1991, 91). In May 1940 he
noticed that all Italian oil-tankers were making for neutral ports around the Atlantic. Dick
calculated that they would have reached their intended destinations by JuaadLo
predicted — correctly — that Italy would declare war on that day. The Foreign Office
response: “Unfounded suspicions...Italy is a delightful country ... firm friend ... a catholic

country [which] needed a lot of paraffin for altar candles” (quoted in Deaton 1993, 3).

A more congenial task offered itself the following year. Austin Robinson had been much

impressed by KeynesHow to Pay for the Wa(1940) and felt that detailed national

% The numbers in square brackets refer to Stone’s publications included in Pesaran (1991, 112-123). An updated
list is appended to this obituary for convenience.



accounts should be constructed as an essential part of planning wartime production and
running the economy when the war would be over. He persuaded Edward Bridges, the
Secretary to the War Cabinet, to authorise him to recruit two people to give these ideas a
concrete form. James Meade, working at the Central Economic Information Service of the
War Cabinet, had already made a start on the job, but he needed someone “to fill in the
figures” and so Dick was brought in. Meade and Stone came together in August 1940 and
their collaboration resulted in the tables which were circulated as a White Paper
(Cmd.6261) with the 1941 Budget, followed by the famBusnomic Journakrticle,

“The Construction of Tables of National Income, Expenditure, Savings and Investment”,
[8]. It also marked the outset of a friendship that lasted until Dick’s death. Angus Deaton
(1993, 4) writes: “Although the original conceptual framework was [Meade’s], the
process of converting the theory into reality raised an endless series of conceptual as well
as practical questions [thereby creating] a joint enterprise in which neither man could ever
separate his contribution to the whole”. A detailed account of the collaboration between

Meade and Stone is given in [45].

Stone also came to know Keynes well during the war. After the 1941 budget the
Economic Information Service was split into an Economic Section (to which Meade
went) and a Central Statistical Office (CSO). There Stone was responsible for the
national accounts despite the Director’'s attempt to put him onto oil statistics which
Keynes “stopped” by taking Stone on as his assistant. He produced estimates of national
income and expenditure on an annual basis that were published as White Papers with the
Budgets. In 1945, his last year at the CSO, he produced figures covering the years 1938-
44. This modest start laid a solid foundation for national income accounting in the UK
and eventually led to the Blue Books WNational Income and Expendituss we know

them today. Despite his departure from the CSO, as we shall see below, Richard Stone
continued to play a central role in the development of the standardised System of National

Accounts that was subsequently adopted by the United Nations.

While at the CSO, Stone usually went to see Keynes in the evening; Keynes was then a

sick man, often tired and edgy, so their meetings were not always harmonious and could



end in blow ups with Keynes saying he never wanted to see Dick again. Stone rode out

such storms with his usual aplomb and good sense: . rather worrying when it first
happened but there was really nothing to worry about”, [167, p.27]. As it turned out, one
important offshoot of their association was the appointment of Richard Stone as the first
Director of the newly created Department of Applied Economics (DAE) at Cambridge in

1945.

Through Keynes'’s influence the Faculty of Economics and Politics had considered such a
development in the immediate pre-war years but it was not until after the war ended that
the project was implemented. In 1944 the Faculty Board appointed a Committee of
Management. Keynes was Chairman, the members were David Champernowne, Austin
and Joan Robinson, Gerald Shove, Piero Sraffa and Dennis Robertson (co-opted). In
November 1944 a “surprised and delighted” Dick was offered the post, on 15 May 1945

the University gave its blessing and Dick was appointed Director from 1 Julﬂ 1945.

As Director, Stone was given a free hand in initiating the Department’s main programme
of research. Encouraged by this he developed a research proposal organised around the
aims of econometrics, which to him were defined much more broadly than its narrow
text book sense of today. He certainly believed that input-output analysis, for example,
was an integral part of econometrics. (Pesaran 1991, 108). He submitted his research
proposal to the Nuffield Foundation in the summer of 1945. The proposal spelt out in
some detail his views regarding the aims of the new Department, which were to provide a
synthesis of measurement, economic theory and statistical methodology. He wrote:

... The ultimate aim of applied economics is to increase human welfare by the investigation and
analysis of economic problems of the real world. It is the view of the Department that this can
best be achieved by the synthesis of three types of study which now tend to be pursued in
isolation. The Department will concentrate simultaneously on the work of observations, i.e. the
discovery and preparation of data; the theoretical appraisal of problems, i.e. the framing of
hypotheses in a form suitable for quantitative testing; and the development of statistical methods
appropriate to the special problems of economic information. The special character of the

* The reasons given for establishing the DAE are prescient. The need for emphasis on more applied work,
already recognised at the end of the 1930s, was reinforced byghestrides in applied work during the war

and its importance for the war effort itself. Gerald Shove (as Secretary of the Faculty Board) was the go-
between with Dick as he moved towards acceptance of the post. We have seen the file in which their courteous
and incredibly detailed correspondence over specific points is held.
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Department’s approach to the problems of real world will lie in this attempt at systematic
synthesis.

This synthesis lies at the heart of Stone’s approach to applied economics, a theme which he
returns to in some detail in his Newmarch Lectdres Role of Measurement in Economics

[ 32].5 Stone’s emphasis on econometrics as the unifying theme of his research programme
is noteworthy, particularly considering that he was fully aware of Keynes'’s scepticism and
the hostility of some of the main figures in Cambridge to econométdittme [167],

however, later argues persuasively that by 1945 Keynes had changed his mind about

econometrics. (Pesaran 1991, §9).

From the inception of the DAE there were close links with the National Institute of
Economic and Social Research (NIESR) of which Dick’'s second wife, Feodora, was
Secretary. (His first marriage was dissolved in 1940 and he married Feodora Leontinoff
in 1941.) Several distinguished economists had either successive or joint posts at the
Institute — Sig Prais, Christopher Dow, Deborah Paige, for example. The Faculty had
originally thought of the DAE as partly a complementary institution in which research
projects of the teaching officers of the Faculty would be carried out in co-operation with
research officers of the DAE. In fact when Dick was Director, his drive, enthusiasm,

inspiration and excellence made the DAE so much more than this limited, if worthy, aim.

Some of the world’s greatest economists and econometricians spent part of their youth at
the DAE where remarkable work, especially in the post-war development of
econometrics, occurred: Durbin and Watson on testing for residual serial correlation,
Cochrane and Orcutt on the estimation of regression models with serially correlated

errors, Aitchison and Brown on the lognormal distribution, Brumberg on life-cycle

>In his review of the Newmarch Lectures, Klein (1952, 104) states: “Stone possesses a rare combination of
abilities — an intimate knowledge of data collecting, of the use of data in statistical manipulation, of theoretical
methods of statistics, and of theoretical economics.”

®In his piece in memory of Stone, Richard Goodwin writes: “. utfioStone had been taught as student by

Kahn, the two had grown apart because of Kahn's active hostility to econometrics.” Goodwin (1995, 17).

’ Stone offers three reasons for Keynes’s hasty dismissal of Tinbergen’s (1939) work: Keynes tended to
overstate his case, his mathematics had become pretty rusty by the thirties, and “Keynes’s reaction to anything
new was to look for the weak spots and shoot them full of holes.” (Pesaran 1991, 98). For a discussion of
Keynes on Tinbergen see Pesaran and Smith (1985).
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models, Houthakker on revealed preference and applied demand analysis, Prais on family
budgets, Farrell on dynamic demands and on aggregation theory, Alan Prest and Derek
Rowe on demand analysis, A.D. Roy on the distribution of income, Phyllis Deane and
Brian Mitchell on British economic histo?yln addition the Department hosted many
distinguished visitors, who made significant contributions of their own and had an
important influence on the research activity of the Department. They included T.W.
Anderson, Duesenberry, Friedman, Frisch, Geary, Koopmans, Samuelson, Tintner, Tobin,
and Wold” Under Stone’s leadership the DAE became one of the leading research

centres in guantitative economics in the world. (Johansen 1985, 5).

Another important factor in the DAE’s success was its “human computer” fatilites

its access to major advances that had been achieved in computer technology during the
War, largely as a result of work carried out at Bletchley Park (also kno®tatsn X to
decipher the codes from the Germans’ Enigma machines. Orcutt was invited to the DAE
from the Massachusetts Institute of Technology, where he had been an Instructor in
Economics, to bring his expertise in analog computing to Cambridge. Orcutt’s electronic
“regression analyser” was demonstrated in January 1947 with many distinguished
Cambridge figures, such as Daniels, Hartree, Jefferys, Wilkes, and Wishart invited to
attend. Edward Shire from the Cavendish Laboratory also had ohoiher svork during

the Wart Accordingly, Stone wrote to Brigadier J.B. Hickman (Director of Signals
and Radar Development) on Maytﬁ4947 for a loan of the computing machine

designed and built by Shire. In his letter Stone expllziins:

® A detailed account of these and other development of econometric methods at the DAE is given in Smith
(1998). See also the first four Reports of the DAE which cover the period of Stone’s tenure, 1945-55.

° Tobin’s contributions were particularly noteworthy and formed the basis of many subsequent developments in
empirical demand analysis. A retrospective evaluation of Tobin’s (1950) work on the analysis of food
consumption in the US is given in Magnus and Mord#97).

1% As Durbin explains, “...one of the assets of the DAE was that we had a room there with perhaps eight or ten
young ladies operating desk calculators, supervised by an older lady of forbidding demeanour. They did the
computing.” Quoted in Smith (1998, 98).

"t was also suggested to Stone to contact Alan Turing a Fellow of King’s College, then at the National Physical
Laboratory and Tommy Flowers at the Post Office; two of the early pioneers in the development and the use of
computer technology at Bletchley Park. An account of the involvement of Turing and Flowers at Bletchley Park
is given by Michael Smith (1998).



A large part of our work is concerned with the statistical problems involved in the analysis of
time series which forms the basis of much of the information available about economic change.
We are working both on actual economic series and on constructed examples with a view to
finding out more about the mathematical specification of series appropriate to the description
of economic variations over time and we should find the machine which Mr. Shire has built of
great value in our work. In particular we should like to use it on the following problems:-
(1) The investigation of the autoregressive nature of a large number of economic time-
series.
(2) The investigation of the time relationships between these economic time-series as
reflected in the correlograms between series.
(3) The investigation of the correlograms of large numbers of constructed series both
with themselves lagged and with each other. This is necessary for an interpretation of
the correlograms of real series.

The machine was picked up by Stone, Shire and Orcutt on July 28, 1947 from the
Ministry of Supply, and probably used by Cochrane and Orcutt in their work on

autocorrelation. Later the DAE started to use the Electronic Delay Storage Automatic
Calculator (EDSAC) developed at the Cambridge Mathematical Laboratory, again one

of the first computing machines of its generat]i?)n.

Stone himself continued to work simultaneously on national income accounting and
demand analysis. In addition to his work at the CSO on the UK economy, Stone had also
published a fairly complete set of accounts for the United Sates in 1942, and together with
Meade had produced a little textbodkational Income and Expenditureshich was
illustrated with estimates from Britain and America, [9,11,13,14ﬁ6$10ne was
therefore the obvious person from the UK to be involved in the design and the
development of an international standard for national income accounting. Initially, in
1944 he was sent by the CSO to discuss the presentation and taxonomy of national
income accounting with his American and Canadian counterparts. But the break came in
September 1945 during a visit to the Institute for Advanced Study in Princeton when
Alexander Loveday, the Head of the Intelligence Department of the League of Nations,
invited Stone to write a report on national income statistics. This report turned out to be

the most important work of this early period and was published as the Appendix to the

12 stone’s papers kept at King's College Archives.

¥ See Smith (1998, 97-99) for further details of the role of computing in the success of the DAE in its early
period.

! This became a very popular text which was then subsequently rewritten with Giovanna Stone, [79].
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UN publication, [24]; it provided the basic framework for the System of National
Accounts (SNA) currently used throughout the wdrlth this appendix, Stone presented

a picture of an economic system in terms of transactions organized in such a way that
various national aggregates of interest could be obtained by adding up appropriate entries
in the different accounts. He viewed the economy as a system of interlocking
transactions, and the accounting as a way of taking a snap picture of these transactions. He
developed his concepts more from an abstract perspective rather than the prevailing
accounting conventions. His aim was to develop a system of social accounts that was
flexible enough to be of relevance to different countries at different stages of their
economic development, while at the same time simple enough to take root and become
acceptable, and yet have the proper logical structure for use in empirical analysis, [24,
pp.112-113]. Stone had set himself, and his collaborators at the UN and at the OEEC
(since 1961 the OECD), a formidable undertaking which he managed to accomplish with
flying colours'® As one of the pioneers of national and social accounting Stone was
probably more responsible than any other single person for the SNA. It was for these
“fundamental contributions to the development of national accounts” that he was awarded
the 1984 Nobel Memorial Prize in Economic Science, [191,192].

Stone’s accounts are usually presented in a matrix format, a social accounting matrix. In
this way both the Keynesian expenditure, production and income flows, and the classical
‘production of commaodities by means of commodities’ may be made explicit, together
with their interrelationships with each other. As Deaton (1987, 510) noted perceptively,
“it is almost impossible to look at them for long without being led into attempts to model
the behaviour they reveal’. While Dick was always glad to be associated with the
international developments of the national accounts of later years and made indispensable
contributions to them, he much preferred the early years when a few kindred souls could

meet together in New York and, by working hard for a few weeks (mostly nights), get the

> See United Nations (1953, 1968).

®stone directed the OEEC’s National Account Research Unit in Cambridge over the years 1949-1951. He
chaired the meeting of the UN Statistical Commission in New York in July 1952, which led to the first SNA,
published in 1953 and referred to above. For further details see Johansen (1985, 6-13), Pesaran (1991, 94-
95), and the chapters by Hill and Raa in Giovannini (1995).
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final product out so near to its initial draft that the essential unity of the best sort of first
drafts (which these were) was not lost — as they may be in the interminable committee and
redrafting processes that occur now, see Pesaran (1991, 94-95), Harcourt (1995, 157), for

Dick’s account of these episodes and developments.

When developing the national income accounts in 1941, Meade and Stone were also
concerned about the statistical discrepancies (or residual errors) which inevitably arise
when attempts are made to reconcile direct measurements of different items in the
national accounts. In the following year Stone, Meade and Champernowne, [10],
proposed a procedure for balancing the entries in the national accounts by an optimal
distribution of the errors across the accounts based on least squares. Subsequently, Byron
(1978) reformulated the problem in terms of a constrained quadratic optimization problem
and was able to apply the new solution method to fairly large daty §dts. adjusted
accounts balance by construction, and arguably are an improvement over the initial
unadjusted estimates. Despite its obvious advantages, the Stone-Meade-Champernowne
adjustment technique has not been widely adopted. Official application of and
experimentation with the technique seems to have been confined to the UK and Italy.
(Pesaran 1991, 116.

The original motivation behind Stone’s work on consumer demand was also national
income accounting. The work on this project had begun at the NIESR in 1941. Initially,
the aim was to compile and process the statistical information needed to prepare national
income and expenditure accounts for the inter-war years; thus extending backwards the
work of the first national income White Paper that had just been published in thist year.
But inspired by the work of Henry Schultz (1938) on demand analysis, Stone decided to
extend the project’s remit to include a detailed econometric investigation of consumption

behaviour in the UK. This proved to be a formidable undertaking. It involved a huge

Y The adjustment techniques are further refined by van der Ploeg (1982), Barker , van der Ploeg and Weale
(1984), and more recently by Weale (1992) and Smith, Weale and Satchell (1998).

'8 The influence of Stone’s work on recent developments in Italian national accounts is discussed in Pedulla
(1995).

¥ see “The Analysis of the Sources of War Finance and an Estimate of the National Income and Expenditure in
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amount of data compilation and processing, both from household budget surveys and time
series, and required considerable theoretical work on the formulation of suitable
econometric specifications and the development and adaptation of time series and cross
section econometric techniques for demand analysis. Stone’s first major contribution in
this area was thénalysis of Market Demandhich he read to the Royal Statistical
Society in April 1945, [17]. The paper proved a great success and, “in its sphere” was said
to be “the best ever read before [the] Society”, [17, p.384]. It addressed many issues of
concern in economic and statistical theory; and provided a first comprehensive application
of Frisch’s (1934) confluence analysis to time series data. The empirical analysis and the
ensuing discussion also raised further issues of concern: the problem of dynamics and
residual serial correlation, the simultaneity problem, structural change and the fragility of
confluence (bunch map) technique to the joint presence of the residual serial correlation

and the simultaneity problems, highlighted by Champernowne, [17, pp.385-387].

Stone continued his work on demand analysis, presiding over and contributing greatly to
the pioneering studies which were subsequently published in two volumes, known as the
“Red Books”, [56,123]. The first volume, published in 1954, wasagnum opysa
veritabletour de forcé® Deaton, who more than anyone else was to carry on from where
Stone started, singles out for praise the explicit description of data, the “masterly
exposition of the theory of demand and of revealed preference and [the] chapter on
econometric methodology which reads like a text until one realises that this is where the
texts originated” (Deaton 1987, 510). For each commaodity there is log-linear formulation
with the logarithm of quantity related to the logarithm of income and other prices, and to
other factors specific to each commodity. With a lack of degrees of freedom because
there were only 19 annual observations, theory and prior information had to be used
ingeniously — and Dick was a master of ingenuity and innovation in these dimensions.

Deaton (1987, 511) lists four examples:

First, the Slutsky decomposition [is used] to absorb the income effects of prices into the

1938 and 1940”, Cmd. 6261, 1941. Also see [8].
2n producing the first volume Stone was assisted by D.A. Rowe, W.J. Corlett, Renee Hurstfield and Muriel
Potter. The second of the Red Books was co-authored with D.A. Rowe.
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income term ... converting the latter into real rather than money income. Second,... zero degree
homogeneity [is used] to convert prices to relative prices, saving one degree of freedom. Third,
he [used] elasticities estimated from Engel curve analysis on cross-sectional household budget
data to estimate the income elasticities so that, with these imposed, the time-series data are
liberated to estimate as many price effects as precisely as possible. Fourth, Stone [recognized]
the difficulties presented by strong positive autocorrelation in the residuals and to counteract
them [took] first differences of model and data prior to estimation. The problems that non-
stationary time-series pose ... is very much a current research topic, and Stone’s procedure,
though less than perfect, is much superior to and much less misleading than the ignoring of the
problem that characterized most applied work for the quarter of a century after Stone’s book. His
general procedure set up, Stone ...J[analyzed] commodities one by one, [reported] results and
[tested] alternative specifications with a care and conviction that has been a model for generations
of those ... who have tried to follow him.

The first Red Book was also remarkable in establishing much of the familiar text-book
single-equation regression framework, [56, Chpter )ﬁ'X]I provided a comprehensive

and formal discussion of the various econometric issues involved in demand analysis; in
part responding to some of the comments and suggestions made on his earlier publication,
[17].22 The problems of dynamics and simultaneity were addressed in some detail,
regression in first-differences was emphasized as a relatively simple method of dealing
with the problem of “spurious correlation”, the errors-in-variables problem and its
solution by the instrumental variables method suggested by Reiersol and Geary was
discussed, multicollinearity, the use of extraneous estimators (such as estimates of income
elasticity derived from budget surveys) and specification of trends were addfessed.
Stone continued to use Frisch’s bunch-map analysis, but now treated it as one of a number
of possible technigues available for dealing with the errors-in-variables prozr‘)‘ldem.

abandoned the confluence analysis later. (Pesaran 1991, 103).

The empirical analysis in the Red Books allowed for the possible effects of the prices of

21 According to Stone [56, xxii], the form of this chapter owes much to Durbin and Watson, who had already

used similar matrix notations is their own classic papers, Durbin and Watson (1950, 1951).

?2n his review of the first Red Book, Cochrane (1954, 286) states: “Particularly interesting at this stage in the
development of econometrics are Mr. Stone’s two thoughtful chapters on the place and objects of econometrics
(Introduction and Chapter XVII). They should be read by all economists.”

23 Though he fully agreed in principle with Haavelmd 944) simultaneous equation system approach, highio

that “with the many other difficulties in time series regression analysis” he would leave it for another time - in this
case, for ever, he was “sorry to say”. (Pesaran 1991, 103).

24 By the time Stone got round to publishing the first Red Book the bunch map technique has come under serious
criticisms. For example, Klein (1952, 105) commented that he “...finds it difficult to accept Stone’s reliance on

13



competing and complementary commodities on consumer demand, but did not treat the
demand functions for different goods as a complete and a coherent system. Stone was
fully aware of this, but for practical reasons in this early work confined his investigations
to a single equation approach where demand for each commodity or group of
commodities was analysed separately. This was rectified in his seminaE&&5dmic
Journal paper on linear expenditure systems (LES), [53]. This represented a complete
demand system which allowed demand for each commaodity to be influenced by all prices
without introducing an excessive number of parameters into the model. The theoretical
model had already been developed by Klein and Rubin. The innovation was a direct
confrontation of theory with empirical evidence, considered by Deaton to be “the real
originality and importance of the paper”. No one beforehand had “had the extraordinary
idea that it might be possible to use economic theory to confront the data so directly ... to
estimate the parameters ofitdity function [as opposed to demand equations] ... Stone’s
linear expenditure system is a major landmark along the route that leads to where we are
now” (Deaton 1987, 511, emphasis in original). The linear expenditure system was
extended by Stone and his collaborators in a number of directions. Stone and Croft-
Murray consider a dynamic version of the model, where short-term and long-term
elasticities of demand could be distinguished, [67]. LES with time varying parameters
were estimated in [105,108]. It was clear to Stone that with rising living standards, the
assumption of fixed parameters underlying the basic model was not plausible. He
considered simple time-varying specifications with linear and quadratic trends. But
rejected them both in favour of a habit persistent model in which the parameters were
allowed to vary with a vector of lagged three-year moving averages of the consumption
expenditures, [105]. This time-varying specification would in effect introduce lagged
consumption expenditures into the utility function, which has recently become popular in

the life-cycle literature. See, for example, Muellbauer (1988).

Stone’s other major empirical contribution during his tenure as the Director was the
application of the method of factor analysis to US macroeconomic time series. The

method, also known as principal components, was developed and applied in psychology,

confluence analysis....”
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but Stone was the first to recognize its potential importance for the analysis of time series
data. In the late 1940s the only macroeconomic time series data available were annual
data between the two wars (17 annual observations), and all the macro series were
dominated by the boom in the 1920s and the great depression that followed. Using the
principal component analysis developed by Hotelling (1933), Stone was able to formally
demonstrate that three factors (namely total income, its rate of change and a time trend)
explained over 97 per cent of the total variations of all the 17 macro variables that he had
considered. Although there were serious issues of interpretation, the results made an
important impression on young applied econometricians such as Tobin who at the time
were working on aggregate time series datihe realization that it was possible to
explain a significant degree of total variance of alraogtaggregate variable by means of
three factors only, was rather disconcerting and led many researchers to consider cross-
sectional data as an alternative source for empirical analysis. This also raised the further
issue of how best to combine or pool estimates from cross-section and time-series

analyses.

1945-55 was a remarkable 10 year period and established the DAE as an international
centre for econometric research on a par with the Cowles Commission. See, for example,
Epstein (1987) and Pesaran (1987). Deaton (1987, 512) says of the joint output of those
years that it represented “an explosion of econometric and economic knowledge that has
never been exceeded in the history of the subject ... perhaps only been equalled by the
work of the Cowles Commission”. It was a happy period for Dick who was the most

excellent leader of a team imaginable.

These days the Director of the DAE is also appointed to a Chair of Applied Economics
which he or she may hold when they cease to be Director. But in Dick’s day, the
Directorship was the equivalent of a University Lecturer. So when Stone was offered the
P.D. Leake Chair of Finance and Accounting, it was literally an offer he could not refuse
even though it meant giving up the Directorship. He continued to head up a sizeable

research group — the DAE growth project with Alan Brown — but it was a sad occasion for

® See Tobin (1997, 648-49).
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him. His relationship with the new Director, Brian Reddaway, was always mutually
cordial and cooperative but there was an undercurrent of feeling that Dick had been
pushed as well as pulled by elements in the Faculty who felt that the more limited original
aim of the DAE had not been stressed enough by Dick as Director and who also felt that
Dick’s work on demand analysis was not what should have been emphasised, or even
done? This largely reflected the hostility of prominent Cambridge figures such as Kahn
and Joan Robinson to econometfict. is indeed a sad comment on how econometrics
was received in Cambridge and, in particular, on a lack of appreciation of Dick’s
significant contributions to the subject. It is perhaps ironic that in the year in which Stone
was eased out of the Directorship of the DAE he was President of the Econometric
Society?8

Giving up the Directorship of the Department had very little effect on his research, and if
anything it freed him from administrative duties. (Pesaran, 1991,105). He continued his
work on consumption behaviour, national income and social accounting, and at the same
time together with Alan Brown started the Cambridge Growth Project. In the area of
consumption analysis he concluded his work on consumers’ expenditure and produced the
second Red Book. But due to his new interest in national macroeconomic modelling he
did not get round to incorporating the systems approach that he had pioneered earlier,
[56]. This second volume, co-authored with D.A. Rowe [123], provided expenditure
figures for more commodity groups and a longer time period: 1900 to 1955. It did not
contain new analysis, but proved a very useful collection for empirical demand a?r?alysts.
Stone had moved away from the standard log-linear specification that he had estimated in
the first Red Book, and did not see much point in further application of the single-
eguation methodology to the new data set. His preferred methodology was now to analyse

dynamic demand equations within a simultaneous system where cross-elasindties

It is interesting to contrast this view with those of Klein (1952) and Harberger (1955) who in their reviews of
Stone’s work on demand analysis hailed it as “classics of econometrics”. See also Smith (1998, pp.88-89).
" See Smith (1998) who also provides a detailed account of the development of econometric methods at the
DAE.

%8 In the file mentioned in footnote 4 above, there is part of a letter in which Stone muses about his failure to
insist, at the time of his appointment, that the Directmyht also to hold a chair, at least in the fullness of time!

9 ester Taylor (1969) reviewing the bookBeonometricaconcluded that “It is hard to imagine a more useful
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adjustment rates could be estimated jointly and in a consistent manner, [123, xi]. This
required a great deal more work and became one of his main pre-occupations, until he

passed on the task to Angus Deaton in early 1970’s.

Largely in collaboration with Rowe he produced a series of papers on modelling of the
consumption of the durable goods and aggregate private savings. Durable goods
consumption was modelled by distinguishing between stocks and flows and assuming that
total durable consumption is met from stocks and to a lesser extent from current
purchases. The ratio of stocks to expenditure on durables was assumed to be constant in
equilibrium, with actual stocks adjusting to the equilibrium values via a partial adjustment
mechanism, [63,65,72]. This produced what is now readily recognized as a first order
error correction specification in the three variables: real expenditure on durables, total real
expenditures and their relative prices. The model produced reasonable estimates, except
for the durability parameter reported in [72] which were thought to be too low. This was
perhaps one of the first examples of the error correction model estimated in the
literature® In their analysis of aggregate private savings Stone and Rowe distinguished
between permanent and transitory components of income, consumption and wealth and
modelled the permanent component of consumption in terms of a linear function of the
permanent components of income and wealth, [89,104,12214B}ey then derived an
autoregressive distributed lag model in terms of the observables, namely aggregate
consumption, real disposable income, and wealth measured at the start of the period. For
estimation purposes Stone preferred to work with a saving rate specification, rather than a
log-linear one. In fact, it turns out that in practice both formulations yield very similar
results, although the saving rate specification is more readily reconciled with an
underlying optimization model. Stone and Rowe managed to produce very sensible
results, even though they were not aware of the distributional implications of unit root

processes. This is perhaps not surprising since, as shown by Pesaran and Shin (1999),

collection.”

% Another notable example of the error correction specification was given a few years later by Sargan (1964) in
his famous study of wages and prices in the United Kingdom.

*¥Stone’s interest in modelling of aggregate consumption expenditure dated back to a paper on “The Marginal
Propensity to Consume and the Multiplier,” which he published with his first wife, W.M. Stone, in 1938, [3].
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the estimation of ARDL models that underlie the regressions estimated by Stone and
Rowe can be carried out using standard techniques, irrespective of whether the

regressors are first-difference or trend-statioﬁ%lry.

When Alan Brown and Dick started the Cambridge Growth Project, they had in mind a
model which allowed both the expenditure and production interdependencies of the
British economy to be tracked over the medium to longer term under different possible
scenarios. lIts origin was Alan’s suggestion that they pull together the DAE’s work on
social accounting, input-output, and consumers’ behaviour to build such a model of the
British Economy. A similar attempt had been made in Norway by Lief Johansen (1960).
The project became team work in the best sense of the term. Several economists cut their
eye teeth in research under the benevolent and helpful gaze of Dick and Alan: among
them were Angus Deaton, Graham Pyatt, Jack Revell, Terry Barker, William Peterson,
Rick van der Ploeg and Martin Weale. The model was eventually to take in all aspects,

real and financial, of the economy — the latter, not without difficulties.

In constructing the Cambridge Growth Project model extensive use was made of Social
Accounting Matrices (SAM), which also formed the main building blocks of the applied

or computable general equilibrium models which were later developed at the World Bank
and elsewhere. In this sense the Growth Project model can be viewed as an immediate
precursor of the computable general equilibrium modelhe first study to come out of

the project was entitled Computable Model of Economic Grow{85], and described

the model, the purposes behind its construction, and its uses. Never small, the model
ended up very large, with 5686 variables, 507 of which were exogenous, leaving 5179
eguations, and changing “a great deal in 30 years”. The model was not intended for

forecasting as such but to see, for example, what the economy would look like in, say,

%2 However, the problem of testing the existence of a long-run relationship between the variables under
consideration (or equivalently testing the hypothesis that the error correction coefficient is zero, the parameter
in [72]) will be non-standard, irrespective of whether the regressors are first-difference or trend-stationary. See
Pesaran, Shin and Smith (1999).

%8 A similar point is made by Graham Pyatt (1992, 245) who was both with the Growth Project as well as being
involved in the early development of the computable general equilibrium (CGE) models. See Pyatt and Round
(1985). For surveys of CGE models see Shoven and Whalley (1984, 1992).
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1970 if it had grown at a little over 4 per cent per annum in the 1960s, compared to 3 per
cent per annum in the 1950s. Between 1962 and 1974 twelve books were published in the
Green Book seriesh Programme for Growth Dick himself subsequently thought of
making a precise, manageable model of the larger version, in which it would be possible
to see reasonably well what was going on, the sort of exercise that can be done only after
years of absorption in the processes of constructing a huge model; but he never did find
time to do so before his death in 1991. After Dick retired in 1980, Terry Barker
developed, very much with Dick’s blessing, a dynamic version of the model which is still
going strong. See Barker and Peterson (1987) and Barker (1998, 18-20).

A long standing interest of his middle to late years were the social aspects of demographic
growth and education. This work was prompted by Stone’s desire to incorporate
education, training and manpower into the Growth Project; an objective that he was not
able to achieve. (Pesaran 1991, 109). But he constructed a series of social and
demographic accounts where he displayed the flows of individuals in a “demographic
matrix” with the human being as the unit of account. In the case of education, for
example, the demographic matrix would show the number of individuals in different
states (infancy, learning, education, employment, unemployment, retirement, and death) at
the beginning and the end of a given period. The demographic matrix was then linked to
the “economic matrix” which measures the transactions relating to incomes and
expenditures of different groups. The linkages between the two accounts was achieved by
appropriate consolidation of all non-production accounts so that the economic matrix was
reduced to a set of accounts partitioned into education and other activities, [176]. In this
way the concept of labour, for example, in the economic accounts could be directly
related to the entries in the demographic accounts. Another example is the link between
socio-economic characteristic of population and the resources needed to meet their needs
for health services. The applications of an integrated economic-demographic set of
accounts are innumerable. In his own work Stone focussed on modelling of education,
[111,116,142]). He wrote extensively on different aspects of demographic and social
accounting since the late 1960s, [115,127,128]. In 1971 the OECD published his
Demographic Accounting and Model Buildjrigi34]. Subsequently, the UN approached
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him to prepare a similar report for their Statistical Office. (Pesaran 1991, 109). After the
usual meetings and consultations the final repboivards a System of Social and
Demographic StatisticSSDS), was eventually published in 18757 hough his
contributions here were not to make as great an impact as his other contributions, they
were characteristically deep and thorough, reflecting his explicit desire always to marry
useful theory with sound empirical work, the better to understand and advise, to provide a
scientific back-up to the task of improving the lot of ordinary men and wotndrhis

had been his ultimate goal from the time when, as a young idealist, he had had that first
serious clash with his more conventional father concerning his desire to change from law
to economics. (Fittingly, the reading at his funeral service in King's was from

Revelations 21: St John describes the coming of the New Jerusalem.)

Feodora Stone died in 1956. In 1960 Dick married Giovanna Croft-Murray (née Saffi)
with whom he had collaborated on a book, Stone and Croft-Murray [67], which was part
of the origin of the Growth Project. Giovanna was to be “the partner in all his work”
(Deaton 1993, 10) from then on. It was a most happy partnership; after Dick died in
1991, Giovanna edited his 1986 Raffaele Mattioli LecturesSmme British Empiricists

in the Social Sciences 1650 - 19fad publication by Cambridge University Press in
1997. Angus Deaton (1993, 12) has described the cooperative production of the growth
project Green Books at the Stone’s elegant hausestudycum library, 13 Millington

Road.

The main room at Millington Road is long and narrow, with black walls. It looks out over a
rose garden [;] by day, the black walls make it seem shallow, and project the room into the
garden. By night there are pools of light, near the fire, by the Bésendorfer, and over the round
dining table, which is covered with yellow leather. This was not only the family sitting and
dining room, but was also a place of work. Indeed, for Dick, there never could be any separation
between his work, his family, and his friends. Not everyone liked to live in such a way, and for
those who preferred an eight hour day, the late night editing sessions for the Green Books were
less than fully appreciated, however lively the atmosphere and good the wine. But for many more

** An earlier draft was published under Stone’s nangainkhyd136].

% Stone himself notes that to his knowledge only the Central Bureau of Statistics of the Netherlands seem to
have taken up his ideas on demographic accounting. (Pesaran 1991, 109). But his ideas on social and
demographic accounting did attract considerable interest among the academics, particularly in the US.
[143,176].
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of us, Millington Road became a very special place. Dick and Giovanna kept a splendid dinner
table. The round table could accommodate almost any number, and the more people the more
were the opportunities for displaying the multicolored collection of glassware. Anyone
interesting who came through Cambridge would be invited

There was a constant stream of pilgrims from all over the world, from distinguished Nobel
laureates to research students with barely a word of English. Giovanna always guided the
conversation with her characteristic wit, grace, and (when necessary) outrageously provocative
statements. Dick would preside, enjoying the food, the wine, the talk, his guests, and the sense of
presiding over a worldwide community of scholars and friends. ... the model of affability, he
would agree to the most preposterous statements. ‘I suppose, when you come to think of it,
you're right,” and just for a moment, you would be struck with the wisdom of your remark. Just
... very occasionally, and only when pressed, would come the counterpart, ‘Well, if yooeask
it's all the most frightful rot!” (emphasis in original)

Besides his technical writings, Stone wrote many papers of general and historical
interest’® He gave a lucid account of Game Theory in a review article published in 1948,

a topic which he revisited in 1990 on the occasion of the centenary of the Royal Economic
Society, [33,205]. He wrote on Keynes, [167], Malthus, [190], Jacob Marschak, [169],
Harry Johnson [162], Michael Farrell, [157], Abraham Aidenoff, [158], and Hicks [205].

In his Presidential address to the Royal Economic Society, [179], he presented an
overview of the development of economics over the past hundred years and concluded on
the following optimistic note:

The vast amount of research in economic theory, econometrics and statistical methods
and in all branches of applied economics has borne fruit; the younger generations of
economists are technically streets ahead of mine, the gap betweepribg and the
empirical seems to me to have narrowed considerably, and the tools on offer to the policy-
maker are getting more and more sophisticated. [179, p.732]

In his essay on the use of mathematics in the social sciences publishe@arettiiic

American he presents us with a lucid expression of his basic philosophy on how to ‘do’

economics and indeed, social sciences in general. He wrote:

Except in a few obstinate pockets of resistance, the use of mathematics in the social sciences is
now generally accepted. The reason is not to be found in the outcome of any high-flown
philosophical battle but in a number of simple facts. In the first place, many branches of the
social sciences are obviously, one might almost say aggressively, quantitative. ... In the second
place, while theories about the complex systems which are the subject matter of the social

%® Some of Stone’s contributions are published in two volumes of his collected essays, [118,137].
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sciences can be expressed verbally, their analysis and comparison are greatly helped by
formulating them mathematically. In the third place, the application of such theories must remain
very general unless the terms in their relationships can be quantified. In the fourth place,
mathematics provides a means of obtaining insight even into subjects whose concepts are rather
vague and where precise information is hard to come by. Finally, in the social sciences we are
interested not only in a description of what happens and of how the different parts of the social
system are related, but also in the rational processes that lie behind effective as opposed to
ineffective decisions; to a large extent these processes too can be formulated and analysed
mathematically, so that our decisions may eventually come to rest a little more on knowledge and
a little less on guesswork than they do at present. [103, p.168]

In his last years he was plagued by ill health. But the devoted support of Giovanna and
of his many friends still allowed those years to be happy and fulfilled. The award of the
Nobel Memorial Prize to Stone in 1984 brought universal recognition and approval
from those who knew Stone and his attainments, and simulated him to work on many
other things that he wanted to do but somehow did not seem to have had fifteefor.

had always been interested in historical topics, particularly the history of political
arithmetic in social sciences. The invitation from the Banca Commerciale Italiana in
Milan to give the Raffaele Mattioli Lectures presented Stone with a new and exciting
project. In the lectures he began “with the political arithmeticians of the seventeenth
century, Petty, Davenant and King, who ... laid the foundations of the subject”. He
followed them with “Fleetwood’s index numbers, Young's production accounts and
Colquhoun’s balances of income and output”. The two remaining rubrics were
demography and social studies. Under these he discussed John Gaunt, “the founder of
guantitative demography; Halley and the first life table; Farr and vital statistics; Eden
and the study of poverty; Florence Nightingale and the reform of the hospital service, and
Charles Booth and his monumental survey of the London poor.” For Dick “they are all
twelve outstanding examples of the English amateur tradition [for] none of them had any
formal training in the fields to which they contributed so much”, [198, xxi — ?&ii[hey

were his favourite people in history; he admired them not least because, in their disparate
ways, the issues on which they worked and the approaches which they took foreshadowed

his own. And, as Luigi Pasinetti (1992,118) perceptively predicted in his affectionate

¥ The importance of Stone’s contributions had already been honoured in the UK by a CBE in 1946 and a
knighthood in 1978.
% The page numbers refer to the version published posthumously. See Stone (1997).
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obituary of Dick, “the world community of economists, econometricians and social
scientists will [surely] be extremely grateful to [Giovanna Stone]” for ensuring that “these

beautifulvignette$ are now in the public domain.

As we have already noted, friendship was a most important part of Dick’s life. In the

words of one of his long-lasting friends:

...he was reserved but generous of spirit and simple and straightforward of manner. He enjoyed
social intercourse and had a warm approach to friends so that it was a great pleasure to be with
him and to talk, equally with him and his delightful and vivacious wife. (Goodwin, 1995, 20).

His two most painful years in Cambridge occurred when he was Chairman of the Faculty
Board of Economics and Politics for 1970-72, a most stressful faction-ridden period. His
two years as President of the Royal Economic Society (1978-80) by contrast were happy

and rewarding.

There are legions of stories about Dick. We suppose that the best must be either the
Italian shipping story or the account of Dick coming into the room he shared with James
Meade in 1940-41, removing the dust from his homburg (the dust had been acquired
when Dick got too close to a bomb explosion during an air raid on London) and saying
“Really, James, they have gone too far this time”, or words to that effect. See Deaton
(1993, 13).

In the Econometric Theorynterview, Dick set out his wishes concerning the future
development of economics. He wished that it would become more empirical, readier to
accept the relevance of other disciplines in the social sciences, and “that politicians and
administrators [would] learn to make better use of economics, particularly econometrics.
But here | may be entering Utopia, so | had better stop”. Of any economist’s potential, he
thought we “could push a subject on but not reasonably expect to have the last word.”
(Pesaran 1991, 111-112). While Dick rarely challenged the conceptual basis of received
theory, he was a master at providing innovative developments within it and in devising

ingenious means for testing it effectively.
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Dick died on 6 December, 1991 aged 78. He is survived by his wife and his daughter

Caroline.

M. Hashem Pesaran and G.C. Harcourt
Cambridge University March 1999
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