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Abstract. Early developments of growth theory are seen widely as the result of a two-step process — the first
represented by Harrod's Essay in Dynaamic Theory, and the second by Solow's 1956 model. Harrod is
considered to be the first to highlight the pervasive instability in macrodynamics, which Solow showed
disappeared with the inclusion of flexible-coefficient production functions. It has been recognized since that
this is a misreading (Besomi 1995, 1998, Bruno and Dal-Pont Legrand 2014). Hoover and Halsmayer (2016)
examined how this "culture of misunderstanding"” guided both Solow's modelling work and his reading of
Harrod. Our paper pays attention to the specific issue of the introduction of an (independent) investment
function in those early growth models. Using new archival material, we examine this complex issue and show
how macroeconomists of that period dealt with problems related to incorporating expectations, an a priori
unavoidable step in order to build robust investment functions. Those elements were indeed discussed at
length, in the early 1960s, by economists such as Sen, Samuelson and Solow as shown in his correspondence
with Hahn. Our paper sheds light on some hidden foundations of growth models and examines the nature of
the break Solow’s model introduced in the growth research program as initially defined by Harrod.
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1. Introduction

The official (hi-)story of the early developments of growth theory is presented basically as a two-step process,
identified by two major contributions: Roy Harrod's "Essay in Dynamic Theory" and Robert Solow's 1956
"contribution”. Specifically, Harrod is considered as being the first to point to the pervasive instability in
macrodynamics while Solow showed that this instability disappeared with flexible production function
coefficients. Thus, Harrod’s vision, based on the "principle of instability", was seen as if he would have hence
developed a pessimistic vision of economic growth while Solow would have on the contrary produced an
“optimistic” understanding of economic development®.

However, such an interpretation is problematic for several reasons. First it leads to the neglect of a literature
which emerged between 1948 and 1963, a period which is however identified by Young (1989) as progressive,
characterized by an intensive cross fertilization of ideas®. Second, it drastically reduces the scope of growth
theory and ignores most of the "solutions" and options proposed by their protagonists which though partial and

fragile, might have contributed to re-defining the growth economics frontier.

There are already papers which have contributed to remove a few misunderstandings that may have otherwise
subsisted. Besomi (2000) demonstrates that Harrod’s initial project was to model business cycles not economic

growth ® while Bruno and Dal Pont Legrand (2014) show that the possibility of cyclical growth is supported

4 In fact, many textbooks, although making some efforts to present Harrod’s view correctly, adopt “a linear” interpretation
of the connection between Harrod and Solow.

5 Young (1989) provides an analysis of Harrod’s Trade cycle group. He then investigates how Harrod went from The
Trade Cycle to the ‘Essay’. Investigating this long period, Young identifies (p. 174) three distinct stages in the growth
research program: a formative period (1924-1939), a ‘take off’ or ‘progressive’ period (1948-1963) and finally,
‘degenerative’ period from 1964 onwards.

6 Besomi (2000) explains that influenced by Keynes, Harrod revised his seminal 1939 paper to focus on the stability of
his proposed equilibrium and moving away gradually from business cycles analysis.
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by the arguments developed by Harrod in 1939. Hoover and Halsmayer (2016) examine how a "culture of
misunderstanding" guided Solow’s reading of Harrod and his (Solow’s) own modeling strategy. We want to
point out that this "culture™ was exacerbated by problems related to the incorporation of expectations into his
growth models and the building of robust investment functions which aspects were discussed at some length
in the early 1960s by economists such as Sen (1963), Hahn (1960), Hahn and Matthews (1964), as well as by
Solow himself. In addition, we want to stress that the modeling choices implemented subsequently were
implicitly based on the disconnection between expectations and growth. For instance, unpublished papers and
correspondence between Sen and Samuelson and between Solow and Hahn show that those economists were
perfectly aware of the limitations of their work and the fragility of their respective models - elements that seem
to have been overlooked by economists who contributed subsequently to the field. How did expectations come
to be ignored, and what have been the consequences for analyses of growth stability? What kind of issue(s)
could growth models address without the integration of expectations? How can they describe short-run and
long-run dynamics? Our paper also sheds new light on little known aspects of neoclassical synthesis (see

Arrow 1967) to which from the 1960s, Samuelson (1963)’ decided to anchor Neo-classical growth models.

The paper is organized as follows. The first section discusses the debates triggered by Harrod’s 1939 paper
and show how the instability issues were tackled by his contemporaries. It pays special attention to growth
analysis® and to Solow’s growth model which on the assumption that whatever is saved is invested, makes any
treatment of expectations redundant. Section 2 examines published and unpublished papers and less formal
exchanges among the macroeconomists of that period. A review of the contributions (and sometimes also of
the reactions) of various economists from Sen - who questioned the internal consistency of the so-called
neoclassical growth model, to Hahn - who explicitly addressed the question of stability in relation to

expectations, and even Meade, contributes to our understanding of the process involved in building the so-

7 See Assous, Dal Pont Legrand and Manseri (2018).
8 Recall that Harrod’s instability principle was used also to build business cycles models (Hicks, 1950). We deliberately
restrict the scope of this paper to the analysis of early growth models.
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called neo-classical growth model. The paper sheds light on the nature of the compromises made which in fine

led to the disconnection of expectations from growth analysis®.

2. Stumbling toward instability: Harrod’s attempt to incorporate expectations

Harrod’s concerns over expectations emerged initially in 1936 when he wrote The Trade Cycle. It was
then that he explicitly introduced'® the terms “realization” and “disappointment”. Entrepreneurs have
expectations about additional effective demand and determine the level of investment; in turn, investment via
the multiplier, affects the level of effective demand. Then the revision of expectations following a
disappointment based on a multiplier-accelerator effect, gives rise to a cumulative mechanism which leads to
further deviations. In 1939, cumulative dynamics were still present and Harrod developed arguments to show
that instability played a key role.* In his “Essay on dynamic theory”, Harrod emphasized several issues. First,
he examined the possibility of steady growth in a model with fixed capital-output and fixed savings-output
ratios. Second, he introduced a sort of investment function'? before examining possible sources of the
instability of this steady growth path. More precisely, he analyzed under what conditions entrepreneurs’
expectations are verified, and what type of dynamics emerges if they are not. In addition, he defined Gy, (the

warranted growth rate) as a moving equilibrium.

(...) as actual growth departs upwards or downwards from the warranted level, the warranted rate
itself moves, and may chase the actual rate in either direction. (...) Indeed, there is no unique

% Indeed, these debates show that the scope of the neo-classical growth model can be questioned, as can and more
concretely, its meaning and the message in Samuelson’s synthesis (see on that point Assous, Dal Pont Legrand and
Manseri (2018)).

10 In Chapter 2.

11 See also on that point Harrod (1948) and (1960).

12 This sort of investment function was interpreted by Sen (1970) as an accelerator type and by Yoshida (1999) as an

accelerator-multiplier type.



warranted rate; the value of warranted rate depends upon the phase of the trade cycle and the level

of activity’ (ibid: 29-30).
Gw as a moving equilibrium implies a dynamic approach to the warranted ICOR. It has been shown (Bruno
and Dal Pont 2014) that this along with Harrod’s suggested introduction of corrections to both short-term
(depending on the different phases of the cycle) and long-term expectations (comparing G to Gy, respectively
the effective and natural rates of growth), makes it possible to dampen the instability'®. Harrod coined the
term "instability principle" to describe possible adjustments between effective accumulation (i.e. that realized
by entrepreneurs) and warranted accumulation. The incorporation of expectations then raises two issues: i)
Under what conditions are the entrepreneur’s expectations realized? ii) What happens if these expectations are
not realized? Although Harrod deals with the first question in detail, his treatment of the second is superficial
and opened the way to numerous interpretations. Baumol (2000: 1039), for instance, concludes that “the main
achievement of his [Harrod’s] model lies in the ideas it inspired in those who did not fully understand it”.
Among the many different interpretations, most textbooks privilege Solow's view that due to the rigidity of the
warranted rate of growth, the economy faced a so-called "razor problem™ which vanishes with the assumption
that technology is flexible®. Harrod persistently rejected that interpretation®, and never considered the

warranted growth rate Gy, as fixed but instead, times and again, insisted on the fact that Gy was a moving

13 In fact, in line with Harrod’s own comments, the model (Bruno and Dal Pont Legrand 2014) shows that different types
of dynamics patterns, including cyclical convergence to the steady state, growth cycle and corridor of stability can emerge.
14 Note that at that time, many economists interpreted Harrodian instability very ‘negatively’ and were always keen to
dampen it (cf. Bruno and Dal Pont Legrand 2014: 467-468).

15 He found the razor edge interpretation unpalatable; it was spread not only by neoclassical economists but also by Joan
Robinson. Harrod never ceased to contest this interpretation, and in 1973, when he published his Economic Dynamics, he
referred to the corridor concept proposed that same year by Axel Leijonhufvud in an article on effective demand failures,
as being more appropriate. Bruno and Dal Pont Legrand (2014) follow this line of research and show that Harrod’s
dynamics was indeed compatible with the corridor concept in the context of growth cycles dynamics.
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equilibrium over the different phases of the business cycle. Few contemporaries were aware that Harrod'® was
relying heavily on how entrepreneurs form and adapt their expectations (Baumol 1951; Hahn and Matthews
1964), and ultimately on the dynamics of investment. Nevertheless, it was not that road which was privileged.
By introducing perfect substitutability between labor and capital in a world where whatever was saved was
automatically invested, Solow proposed a model that was interpreted as a solution to Harrod’s instability
analysis. This functional approach determined the rate of growth of the economy and eliminates the need for
an investment function. However, this modeling choice transformed Harrod’s initial problem. Indeed, as
pointed out by Hahn and Matthews (1964), it was necessary (Hagemann 2009:85) to “[distinguish]clearly ...
between two different notions of knife edge problem, the inequality between the warranted and the natural
rates of growth and the instability of the warranted rate itself but also observed that Solow, in focusing

exclusively on the first, had missed Harrod’s emphasis on the second.” (Hagemann 2009: 85)*"

3. Getting rid of expectations: The original sin of neo-classical growth models

The neoclassical approach was understood as a double departure from Harrod’s initial contribution. The
first departure can be summarized as rejection of Harrod’s knife-edge which led macroeconomists to assume
permanent equality between full employment saving and full employment investment. To “solve” Harrod’s
instability problem, Solow assumes full-employment.

In addition, because his model ignored the demand side, it was at the origins of the dichotomy which

emerged in modern macroeconomics between business cycles and growth theories, i.e. again between short

16 More precisely, the instability was interpreted as an obstacle to growth and as a possible opportunity for business cycles;
however, in both cases, it was considered excessive and requiring of dampening. The (only) person who seems properly
to have understood Harrod’s project was Jacob Marschak who made a clever comment in his 1939 article. For a more
detailed analysis see Sember (2010).

" In a private conversation with Muriel Dal Pont Legrand in 2009, Solow said that the real challenge was the investment
function, and unfortunately, no one so far had come up with a satisfactory answer to this issue.
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and long run dynamics®®. Solow confessed later that at the time, he had not realized that in building this model
he was redirecting the growth research program substantially and had contributed to its definitive disentangling

from business cycles analysis:

it is clear to me that | oversimplified matters in 1956. The model was new, and | didn’t understand
all its implications. Some of what Harrod called instability is, of course, a matter of the behavior of
the effective demand, off equilibrium paths. Harrod never specified clearly what he had in mind, and
indeed there is very little literature even now that marries the theory of growth with effective demand.
What | was getting at in 1956 was this: the special character of Harrods’ model rests in the fact that
the natural and warranted rates of growth are independent numbers... That characteristic of the model
rests on fixed proportions. (it is immaterial whether Harrod believed that factor proportions are
technically fixed or simply never change.). In turn, at least some aspects of “instability” arise because
the economy is always being pulled away from the warranted path because it differs from the natural
path. (Solow 1966°, cited by Boianovsky and Hoover and 2009: 6)

Solow was not alone in proceeding this way. In fact, neoclassical growth theory and its so-called Solow-Swan-
Meade type model relied on a plausible scenario explaining how the “economy” could be on the long-term
equilibrium path. Swan (1963 [1970], 205) decided to assume “either that the authorities have read The
General Theory or that they are socialists who did not need to.” Meade made a similar assumption in the
introduction to his 1961 book where he points out that his analytical framework was “based on the assumption
of an ideally successful Keynesian policy which at every point of time manages to keep the value of investment
at the desired level” (ix). Meade (1961) is even more explicit in adding:
We desire to watch this system grow through time (...) But in this book we shall confine ourselves to
watching this process of growth on the assumption that the growing system remains in equilibrium. We
must explain (...) and this explanation can perhaps best be made in terms of the monetary system which
we shall be assuming” (ibid: 3).

He even provides a more detailed justification: “(...) we shall assume that there is banking system with a

central bank and that the rate of interest is thereby always set at such level as to preserve a constant cost-of-

18 Cf. Bruno and Dal Pont Legrand (2014).
19 Boianovsky and Hoover (2009) quote a letter from Solow to Ernst Helmstadter, dated February 11, 1966, from the
Duke University Rare Book, Manuscript and Special Collections Library, Durham, N.C.
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living index... we assume that full employment of labor and land available at any moment of time is achieved

by adjustment of the money wage per worker and the money rent per acre of land." (ibid: 3)

Finally, Meade appears to be expressing some annoyance in confessing that by proceeding this way “we (they)
are ignoring all the dynamic problems involved in ensuring that our economy does not leave the path of
equilibrium growth” (fn. 1, p. 4). Setting aside short-run rigidities does not mean that those growth models
ignored the importance of short-run disequilibria®® but it clearly is a non-neutral modelling strategy, i.e. it
transformed how Harrod’s (1939) definition of the line of steady advance was understood®:. Clearly, business

cycles were eliminated, and the research program focused on analysis of the long run equilibrium path.

The second departure from Harrod’s initial contribution was that the introduction of perfect
substitutability between capital and labor resulted in a perfect adjustment between the warranted and natural
rates of growth. The direct consequence of this hypothesis was that while the equilibrium growth path was

only a possible solution in Harrod’s and Post-Keynesian models which was stressed also by Joan Robinson’s

20 This view was shared by Solow as evidence in his insistence on the fact that the absence of short-run disequilibria
should not be interpreted as his willingness to neglect these issues: “It is not my contention that these problems don’t
exist, nor that they are of no significance in the long run” (Solow 1956: 91) but rather as an unavoidable distinction to
clarify complex (and related) issues.

2L The line of steady advance (i.e. the warranted rate of growth) appears in Harrod’s 1936 book when he defines the line
of steady advance as the growth path compatible with producer long-run equilibrium. However, at that time the
“Harrodian cycle oscillates around the line of steady advance, it would appear that Harrod uses the steady growth path as
a dynamic reference for his analytical framework and not as a medium which might formally link cycles and growth”
(Bruno and Dal Pont Legrand 2014: 471). It was not until 1939 that the warranted rate of growth played a more active

(dynamic) role.



“creeping platinum age”?

, it became the unique solution and direction in Solow’s model i.e. in the so-called
canonical neoclassical model.

However, it became obvious at a second stage that to complete the Solow-Swan approach required proof that
the dynamic system was stable. Hahn (1960) analyzed the stability of the full employment growth equilibrium.
The issue was revisited again by Hahn and Matthews (1964 [1972], p. 34) who thought that the dynamics
needed to be based on the convergence process between G and Gy, and needed also to show that the equilibrium
path was stable both locally and globally. These proofs of stability were indeed seen as necessary conditions
before one could be allowed to derivate implications for real life but also a more difficult task than the analysis
of the equilibrium growth path properties (ibid. p. 41-42). The point is to ensure that whatever the initial
condition, there was a mechanism that would guarantee that the system was able to define and then to achieve
a full employment growth equilibrium. They came to the conclusion there are situations for which the system
is unstable (ibid. p.42).

In various published and unpublished papers (Sen 1963a, 1963b, 1964), Sen also paid attention to the
stability issue. Sen (1963b) explored the possibility of price movements playing an equilibrating role in a
context of a fixed money rate of interest. The neo-classical model appeared robust in that context, “the process
does not make it possible to have warranted growth with full employment, but in the long run the warranted
rate of growth gives a stable proportion of unemployment” (Sen 1963b:280). The second and more sensitive
issue was how the neo-classical model behaves if the assumption of constant equality between the warranted
and actual growth rates was relaxed. Sen (1963a) introduced an independent investment function based on an
expected rate of growth in a Solow-Swan type model, and finally obtained “the old-fashioned Harrodian
problem” (ibid: 278). Like Baumol®® before him, Sen observed a clearly destabilizing effect emanating from
lack of adaptation via entrepreneurs’ expectations. Herein, for Sen (and others), lies the fundamental failure of
the neo-classical growth theory:

(...) the absence of an investment function and the consequent failure to assign a major role to
entrepreneurial expectations about the future. It may be convenient at this point to recall that Harrod

22 On this specific point, see Sen (1970: 21).

28 1959.



was concerned with the instability problem in equilibrium growth precisely in this context. The

balance between ‘warranted growth’ and “natural growth’ is only one of Harrod’s problems, and this

is the only one that the Solow-Swan model takes up, leaving out the question of balance between

‘warranted growth’ and ‘actual growth’ related to entrepreneurial expectations. Once an independent

investment function is introduced, the instability problem of Harrod quickly reappears in the Solow-

Swan model, in spite of replacing the assumption of a constant capital-output ratio by a neo-classical

production function (see Eisner 1958; Hahn 1960; Sen reading 10). The assumption of

substitutability does not seem to be a key difference between neo-classical and neo-Keynesian studies

of growth, though it is sometimes thought to be so, and the main difference seems to lie in the

investment function. (Sen 1970, p. 23)

In an unpublished paper, Sen (1964: 279) reiterates that “if growth theory is to have any relevance to
policy, it cannot do without an investment function; and once that is given a fair play, it is easy to recognize
that anything that reduces the ‘knife-edge’ balance between Gy, and Gy will tend to highlight the ‘knife-edge’
balance between G and Gy"%*. So, fully aware of the two distinct (Harrodian) instability problems, Sen knew
that they were not independent of each other. Sen (1963b: 277) confessed that what kind of investment function
should be introduced was not clear to him since “this deals with one of the most untraceable elements in
capitalist economy”. Finally, he concludes: “The difficulty is usually concealed by doing without an
independent investment function in the growth models, and thereby by eliminating the influence of
expectations. It is a dodge, and like all clever dodges it has its usefulness, but it is easy to outlive that” (ibid.
280).

Samuelson had intensive exchanges with Sen on this issue. He was in quest of a consistent global view
which would reconcile short-run Keynesian interventionism and long-run neo-classical growth analysis.
Samuelson was convinced that the economy could not adjust automatically in a long-run equilibrium growth

path, and that such a long-run equilibrium path could only be achieved through appropriate fiscal and monetary

policies. He then explicitly refers to Harrod’s dynamics issue as a problem which could “easily” be solved

24 Sen (1963b) had observed that: “(...) anything that makes G, move towards G, will itself raise some questions about
the equality of the actual rate of growth with G,,” (ibid. 280).
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“(...) laissez faire harrodian discrepancies can lose much of their terror and relevance in a properly managed

mixed economy » (1976: 754). In this way, he circumvented the difficulty related to introducing expectations®.

This view (or strategy) was questioned by Arrow (1967)? who rightly pointed out that even if such a
mechanism worked and allowed the economy to achieve a full-employment equilibrium path, there would be
no guarantee that an economy which had achieved this path artificially would then behave like an economy
which had reached it automatically, i.e. in the absence of economic policy. This was a crucial critique since it
not only showed that the scope of growth analysis was reduced i.e. by focusing on the behavior of the full-
employment equilibrium path, but it also had consequences for the significance and the consistency of

Samuelson’s Synthesis.

4. Conclusions

This paper shows that in not incorporating expectations, early growth models broke with Harrod’s project.
Specifically, unpublished papers and correspondence reveal how the difficulties experienced by economists
such as Solow, Hahn and Sen in formulating an autonomous investment function based on analysis of
expectations, led them to examine economic dynamics under the hypothesis of full-employment, and
ultimately to admit that saving-investment coordination problem could be ruled out in the context of the long-
run.

This watershed moment which occurred in the 1960s reduced the scope of dynamics quite drastically.

Following Solow’s 1956 contribution, the literature had focused mostly on the behavior of equilibrium paths

25 See Assous, Dal Pont Legrand and Manseri (2018) for a more detailed investigation of that literature, based on journal
articles and enriched by archival material.

% Arrows’ comments (1967) were written at the occasion of the publications of Samuelson collected papers edited by
Joseph Stiglitz.
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with business cycles analysis clearly disconnected from growth. Though partly responsible for it, Solow

regretted that turn. In his Nobel Prize lecture, he stressed this explicitly:

it is impossible to believe that the equilibrium growth path itself is unaffected by the short — to
medium-run experience. In particular the amount and direction of capital formation is bound to
be affected by the business cycle... So a simultaneous analysis of trend and fluctuations really
does involve an integration of long run and short run of equilibrium and disequilibrium. (1987,
311-12)
There is no doubt that this separation between cycles and growth dynamics most likely contributed much to
the success of Solow’s growth model: “ (...) theoretical attention shifted from fluctuations with growth to
growth without fluctuations” (Punzo 2009, p. 101).

Building a growth model which was distinct from business cycles dynamics and without an
independent investment function led Sen to think that the neo-classical growth research program needed to be
redefined. He saw it necessary to consider three possible options (Sen 1970: 23-24): (i) the model describes
the (real) working of the economy in which thanks to judicious government intervention “ex ante investment
and ex ante savings are brought in line with each other” (ibid 23); (ii) it provides “a description of the
consequences over time of maintaining full employment, rather than a causal model which may have explained
what would actually happen”(ibid); and, finally, (iii) the model is more useful “to trace a full employment path

rather than describe what would in fact happens in a capitalist economy, with or without control” (ibid, 23-

24). Sen concludes with the words: “This is less heroic but also less objectionable” (ibid: 24).
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