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This artcle is an attempt to critically appraise the relationship berween
innovatory clusters, industnal structure and the long-wave in late XIXth and
early XXth century Britain. Since the crisis of the early 1970s the ideas of
Kondraueff and Schumpeter are once more topical’ and long-wave analysis is
again established as a legitimate mode of inquiry.? In a recent study two
American theorists Hartman and Wheeler,® acknowledging their debt to
Schumpeter, have utilized a long-wave approach in their assessment of the
XIX:h centary British and American economies. The imtention here is to
critically assess their work; more specifically focusing analysis on the British
economy for the years between 1870 and 1914. This period incorporated the so
called Great Depression* and the British Climacteric.® An epoch too when
Britain faced fierce international comperition both economically® and
. poligcally.” The relevant Kondratieffs are the downswing 1873 to 1896 and the

! For example, 2 recent isse of Futures was enrirely devoted to long-wave analysis in
which the contributions of Kondratieff and Schumpeter were explored in some derail.
See Futures Vol 13, No. 4, 1981.

% Jos Devsexe, “Recent Long-Wave theories: a critical survey”, Futsres, Vol. 13,
No. 4, 1981,

3 R.S. Hartsan and D.R. WHEsLeR, “Schumpeterian Waves of Innovation and
Infrasctrucrure, Development in Great Britain and the United Srates: The Kondravieff
Cycle Revisited™, Research in Economic History, Vol. 4, 1979 (hereafter HARTMAN and
WHEELER). _

* Foracritical assessment of the Great Depression epoch in Britain, see S.B. Saul, The
Myth of the Great Depression 1873-1896 (London, Macmillan, 1969).

> W. AxTHUR LEwis, Growth and Fluctuations 1870-1913 (London, George Allen
and Unwin, 1978) esp. Ch 5.

¢ D.H. ALpcroFr (ed), The Development of British Industry and Foreign Competi-
tion 1875-1914 (London 1968) also R.J.5. HorrMan, Great Britain and the German
Trade Rivalry, 1875-1914. (Philadelphia, University of Philadelphia Press, 1933).

7 Fora recent discussion of the political implications of growing foreign competition
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subsequent upswing from the late 1890s.% A final section will outline a new
approach to the study of the long-wave in parricular stressing the need to
examine the dynamics of industrial structure during the downswing phase of the

cycle.

Hartman and Wheeler: The Kondratieff Cycle Revisited

Hartrman and Wheeler taking the historical growth experiences of the Briush
and US economies in the XIXth and XXth centuries offer an interpretative
framework based upon the iong-wave approach Developing the tradition
pamculariy of Schumpeter their aim is “... to see whether fluctuations in the
tme par.hs of important macro-economic vanables bave been influenced by the
size and uming of innovations and infrastrucrura] development.””® Their genera]
framework is based upon the following proposttions:

1} A Schumpeterian view of economic development emphasizing a cluster-
ing of innovatory acuvity and infrastructural change. For Schumpeter: “The
fundamental impulse that sets and keeps the capiralist engine in motion comes
from the new consumer goods, the new methods of production or transporta-
ton, the new markets, the new forms of industrial organization that capicalist
enterprise creates.”!° In Schumpeter’s framework the stress is upon disequilib-
rium, it is the dynamic competition between entrepreneurs which forms the
basis of economic development. His emphasis upon discontinuiry is based on
the belief that the business cycle is the direct consequence of the appearance of
clusters of innovauons. Innovations are not randomiy distributed over the
entire conomic system in any given time span ““... but they tend to concentrate in
certain sectors...”!? they tend to cluster, to come in bunches, simply because
first some and then most firms follow in the wake of successful innovations. For
Schumpeter economic development appears in the form of innovanons, it
occurs in cycles and the driving force is entrepreneurial acuvity. The length or
frequency of flucruations is a functon of the lag between the time when an
innovation is adopted and the time when it begins to bear fruit in the form of an
increasing volume of producton. He distinguishes three cycles; the Kiwchen,
Jugler and the Kondratieff, the latter representing the lag mechanism associated
with major innovatory clusters.

see P.J. Camv “Political Economy in Edwardian England: The Tanff Reform Con-
woversy”, in Allan O’Dax {ed.), The Edwardian Age. Conflict and Stabiliry 1900-1914
{London, Macmillan, 1979).

¥ These phases represent the downswing of the second Kondratieff and the upswing
of the third.

® HaRTMAN and WHEELER, p. 39.

% Quoted in G. MeNscH, Stalemate in Technology. Innovations Overcome the
Depression (Cambridge, Massachuserts, Ballinger Publiciry Co, 1979) p. 7.

Y G. Mensch, C. Courinks, K. Kaasc, “Changing Capiral Values and the Prop-
ensity to Innovate”, Futures, Vol. XIII No. 4 (1981), p. 282.
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2} Secondly they attempt to relate the micro and macro levels of the eco-
nomy via the utilizarion of an evolutionary theory of the firm. This theory
{developed by Nelson and Winter)* is a neo-Schumpeterian approach which
focuses upon the evolutionary growth paths generated by the aggregace actions
of individual firms searching for new and profitable production techniques.
Nelson defines the approach as follows:

“For Schumpeter the most important firms are those that serve as vehicles
for acuon of the real drivers of the system — the innovating entreprencurs.
Firms (and entrepreneurs) may seek profits, and may nnovate or Imitate 10
achieve higher profits. The compertitive environment within which firms operate
is one of struggle and motion. It is 2 dynamic environment, rot an equilibrium
‘one. The essendal forces of growth are innovation and selection, with 2ugmenta-
tion of capital stocks, more or less tied to the process.”'? According 1o Nelson
and Winter, firms establish more or less stable production rules which structure
the mode of decision-making. These rules change only when competitive en-
vironmental shifts require a change in regimes. Movements in the economy are
generated by shifts in favour of firms whose decision rules are Schumpeterian in
the sense that they “... are favourably attuned to the economic environment.”!*
Whilst welcoming this approach as an important step forward Hartman and
Wheeler call for the need o focus more sharply vpon the macro-economic
impact “... of the clustering of innovation on partterns of firms growth and
survival,” and they hypothesise “that waves of innovation and infrastructural
development reflect at 2 macro-economic level the concentration in space and
time of the evolutionary technical changes simutated by Nelson and Winter.”!®
A more detailed exploration of the Nelson and Winters approach will be made in
a later section of the paper.

3) Thirdly an artempt is made to fit the time paths of the macro-economic
variables to the temporal sequence of the Kondratieff cycle. The authors admit
to employing the Kondraueff periods “... with some trepidation™ and recount
that “... the mention of Kondratieff cycles in the presence of most econonusts
invites scepticisms.” They also make it clear thar the primary purpose of their
research “... is not to prove or disprove the existence of the Kondradeff cycle. !¢
Merely the temporal framework of the Kondrateff price cycle is ualized to
discuss the macro-economic impact of innovatory clusters.

Acknowledging that a major crizicism of the long-wave hypothesis of Kon-
dratieff is its primary focus upon price fluctuations, Hartman and Wheeler set
out to examine other measures of aggregate economic actvity. Long-run dataon

2 R NELSON AND S. WINTER, “Towards an Evolutionary Theory of Economic
Capabilinies”, American Economic Association, Papers and Proceedings, Vol. 63, 1973,

3 HarT™aN and WHEELER, p. 43.

* Hart™an and WHEELER, p. #4.

15 Ibid. p. 44.

' ibid. 39.
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unemployment rates, aggregate production, aggregate supply and demand and
components of GDP are presented. ' The authors stress the tenrative nature of
this material but matnrain that a survey of the data leads to the conclusion that
distinct periods of pronounced innovational and infrastrucrural activiry ...
have existed in Great Britain and are identifiable by several measures. Furth-
ermore these periods coincide with Kondratieff price troughs and are partof 2
general laactivity' pattern which coincides rather nearly with Xondratieff long-
waves.”’

it 1s also claimed that the “... periodic patterns are partcularly pronounced
for Grear Britain from 1760 to 1920.”!® The secular swings of the Kondrateff
are associated with movements in the variables as outlined in Table 1, Table 2
provides estimates of the magnirudes of movement.

Table 1

MOVEMENTS IN MACRO-ECONOMIC VARIABLES OVER THE
KQONDRATIEFF CYCLE (HARTMAN AND WHEELER, pp. 66-67)

Kondratieft Upswing Peniod

Associated Variable Movement
(i) Relatively low innovatory actvicy

Kondratisff Downswing Period

Associated Variable Movement
(i) High innovarory activity

(i) High levels of infrastructural activ-
ity :
(i) Falling prices
(iv) A ate suppiy shifting out rapid-
) Iygag.tﬁgalwayspfaster than aggregate
demand
(v} Relatively high unemployment
{v) Relauvely large increases in technic-
al progress above trend
(v} Actal pational product and indust-
rial product above potential national
and industrial product
{viii) Real gross domestc fixed capital
formaton sbove trend and real con-
sumption and real exports below
trend

(ii) Relatvely low levels of infrastrucru-
ral activity
(i} Relarively low unemployment
(iv) Relatively low increases in real
national product
(v) Increases in indices of technical
progress below trend
{v1) Actual national product and mdust-
rial product below potential national
and industria product
(vit) Real gross domestc fixed capital
formation below trend, and real ex-
ports above trend

Given this outline of the movements and time paths of the major variables
let us now focus on the peirod 1870-1914 and especially the Kondratieff
downswing 1873-96. The obvious starting point is to concentrate on the two
basic ‘motor forces” identified by Hartrnan and Wheeler: clusters of innovations

U Ihid. pp. 48-49, 49-52, 56-57.
18 Tbid. p. 66.
¥ Thid. p. 66.
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Table 2

SUMMARY OF CYCLICAL CHARACTERISTICS:
GREAT BRITAIN 1790-1920 (HARTMAN AND WHEELER, 58)

Pamerns Relationship
Aggregace in Madonal of Acrual
Price Aggregace Marker Product Potential
Period Movemens Producrion  Conditions Unemployment Component Qutput
i i i i v i
1790-1813 Up325% Up287%  D>S Low — —
181349 Down2.09% Up2.74% 5>D High — -
1849-73 Upi0t% Up255%  D>§ Relatively - —_
. low
3.66%
1873-%  Down1.19% Up1.99% >0 Relauvely  Investment Actual outpur
hgh aboverrend. greater then
(5.03%) Consumpton potendal
below trend output
Imports
below wrend
1896-1920 Up4.97% Stable
Up 0.62 D>§ Low338% Investment Actual outpur

below trend

Expores
above wend.
Consureption
above wend
imports above
wend.

less than
potental
output.

and infrastructural development. An estimate of the former is given by a ume
series of annually scaled patents and the latter is accounted by means of the
pumber of canal miles and railway kilometres opened. The authors provide the

following data.

Table 3

PATTERNS OF INNOVATIONS AND INFRASTRUCTURAL
DEVELOPMENT UK 1760-1920 (HARTMAN AND WHEELER, 62)

Increasein Increzsein Increase in

Sealed Railway Canal

Period Patents Kilometres Miles
(i) {i1) (isd)
1760-90 438% — Very large
17901813 56% — Continual but diminishing
£xpansion

1813-49 472% 20,640% Very lirtle
1849-73 51% 152% -
1873-%6 341% 29% —
1896-1920 20% 12% —
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There is a clear contrast berween columns i and ii. The former appears to
offer at least a secular trend which is consistent with Hartman and Wheeler’s
predicrions, but column it offers no such support. There 15 2 rapidly declining
trend of infrastructural activity from 1849; thus while the Kondratieff down-
swing 1813-49 demonstrates high infrastructural activity, the subsequent down-
swing does not. Further from their own data infrascrucrural activity is less in
1873-96 than it 1s in the upswing 1849-73 which clearly contradicts statement 1
in Table 1. Hartran and Wheeler do not confront this problem: they merely
comment on the downswing 1873-96: “For British railroads this was 2 period of
slower growth, however, use of steam and steel ships expanded considerably.”
No additional data on infrastructural activity is added 1o the initial figures on
railway kilometres; they simply cite as foomotes the works of Mirchell and
Dean, Court and Saul. Yet in a summary of their resules they state clearly:

“All of these downswing periods have also been marked by disproportionate
levels of infrastructural expansion.”??

This simply does not fit the evidence for Britain during the Kondratieff
downswing 1873-96. Indeed for the whole period 1870 to 1913 Arthur Lewis®
has argued that the ratio of domestic investment was low in Britain and in a very
recent work Floud has acknowledged “the fact that investment in the domestic
economy was lower, as a proportion of gross domestic product, in Britain, than
in several other countries.”? Feinstein’s figures show the stock of real capital
increasing only by an average rate of 1.4% berween 1873 and 1914, The biggest
investment boom of the period occurred at the end of the century and peaked in
1903.2* This would appear to contradict in broad terms Hartman and Wheeler’s
comments on the behaviour of real domesric fixed capita} formarion duning the
Kondratieff downswing and upswing phases. Lewis maintains that the domestic
investment ratio was low because new investment was not sufficiently profit-
able. He goes on to claim:

“The ultimate cause was the exhaustion of the innovations which had
propelled the industrial economy 1nn the century up to 1880. By this ume the
Bridsh railway system was largely complered... Railways were such a large user
of capital goods that the system had ro find some substinure propeliant if it was to
maintain its growth momentum. The old techniques in the basic industries...
were also reaching exhaustion and although the United States was developing
highly capital intensive methods, yielding twice as much output per head, the
British were slow to move in this direction. They were also slow in developing

® HartMAN and WHEELER, p. 65.

2 Thid. 66.

Z W, ArTUR Lewis, op. dt., p. 113.

% R.C. FLoup, “Britain 186C-1914: a survey™, in R.C. FLoup and D.N. McCros-
KEY (eds.), The Economic History of Britatn since 1700. Vol. 2: 1860 to the 1970s
{Cambridge. CUP 1981) p. 15.

2 W. ARTHUR LEws, op. cir., p. 115.
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the new science based commodities, leadership of which passed to Germany and
the United Srates.”?®

Lewis is suggesting that not only was the level of infrastructural develop-
mentatalow ebb in late XIXth century Britain but that there was also a problem
with the pace of innovatory activity. There is in other words a contradiction
between Lewis’s claims and the esttmates of Harrman and Wheeler concerning
the rare of increase of innovatory patents 1873-96. For the Kondratieff down-
swing 1873-96 the authors show sealed patents climbing by 341%, compared
with 51% in the preceding upswing 1849-73, and 20% in the proceeding
upswing 1896-1920. They claim that during the late XIXth century downswing
“... Britain... moved into a period of substantially increased innovative acuvicy”
while during “... the next upswing period *1896-1920 ... innovative activity
appears to drop sharply...”. %

* This prompts the question: are sealed patents an adequate proxy for innova-
tive actvity? Two basic objections spring to mind. First we may ask at what
stage of the couple invention: innovation do sealed patents capture, and whatare
the implications of the couple for the process of economic change? As we have
seen, Schumpeter emphasized the discontinuous nature of innovative activity.
He draws a sharp distinction between invention and innovadon, they are “...
ecopomically and sociologically two entirely different things.”?” Rosenberg
claims that for Schumpeter inventive activity stands as an exogenous factor
outside of his basic framework. “Inventions come into the Schumpeterian stage
already fully grown, and not as objects or processes the development of which is
a marter of explicit interest— the characteristics of the inventive process, and the
stage through which inventions proceed on the way to full commercial applica-
tion and exploitation, never emerge.”?® Schumpeter never subjected to systema-
tic examination the processes which determine the length of time which separate
the making of an invention and its innovation. But whar stage in the develop-
ment sequence does the patent represent the initial idea, or perhaps the earliest
conception of a product in its substantially commercial form, or the extent to
which technical and engineering feasibiliry has been achieved? '

This is not mere nit-picking for, as Rosenberg observes, while “... for some
inventions no serious technical obstacles to their implementation may exist once
the basic idea has been established, for other inventions such obstacles are
formidable and can be overcome only after much further time consuming search
and experimentation.”?” These ‘obstacles’ then generate different ume lags
between invention and innovation reflecting in part the varying complexity of

*# W. ARTHUR LEWIS, op. ., p. 117.

% Quoted in N. ROSENBERG, Perspectives on Technology (Cambridge CUP 1976)
p. 67.

2 Jbid, p. 68.

# Jbid. p. 71.

321



Roger Lloyd-Jones

the technical difficulties which need to be solved before an invention becomes
operationally feasible. For example, in Bessemer’s basic patent .of 1856 the
oxygen method of steel making was outlined, but the method could not be
exploited until it was possible to produce pure oxygen on a large scale, a
possibility Rosenberg claims was not realised untl some three-quarters of a
century later, Certainly the data on sealed patents provided by Hartman and
Wheeler are insufficiently sensitive to distinguish berween different time paths
in the sequence of the couple invention: innovation. Yet they maintain “... that
the length of ttme from inventon to patent to commercialization and diffusion is
relatively short.”?®

In tum this assumpunon underpins their claim that waves of innovative
clusters and infrastructural activicy leads to aggregate supply moving out faster
than aggregate demand in the Kondratieff downswmg i.e. invention patents are
relatively quickly transmitted into innovations which stimulate a rapid growth
of industrial production and national product. But'does “aggregate supply shift
out rapidly™ during the downswing 1873 to 96? Coppock working on data for
growth rates of industmial production per capita shows a real collapse in growth
rates berween the early 1870s and the Jate 1880s, and fmally negative growth on
the eve of war. (See Table 4).

Table 4

AVERAGE ANNUAL REAL GROWTH RATES OF BRITISH
INDUSTRIAL PRODUCTION (EXCLUDING BUILDING) PER HEAD*

Year Growrh Rare Per Head
1861-65 - 1866-74 2.4
1866-74 - 1875-83 0.9
1875-83 - 1884-89 0.2
1884-89 - 1890Q-99 0.4
1890-99 - 1900-07 c.2
1900-07 - 1908-13 S —0.2

For Gross National Product Crouzet has pointed to “a long phase of
deceleration and distinctdy slower growth than before from the early 1870s, with
some recovery in the 1890s but renewed slowing-down at the beginning of the
20th cenrury.”*? Indeed column 11 of Table 2 of Hartman and Wheeler shows a

* HarTMaN and WHEELER.

* Table from S.B. SauL, The Myth of the Great Depression 1873-96 (London,
Macmillan 1969).

32 F. Crouzer The Viaerian Economy (.ondon, Methuen, 1982), p. 53 see aiso W.
ARTHUR LEWIS 0p. ait., Chapter 5. The views expressed here are, of course, at variance
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falling secular trend of aggregate production which is only a gentle slope
berween 1790-1873 then accelerates markedly from 1873 to 1914. Hartman and
Wheeler’s predictions concerning the behaviour of aggregate supply during the
Knodratieff downswing 1873-96 are suspect and certainly sealed patent data tell
us little about the sequential process inveation: innovaton which it is necessary
to unravel if we are to explore more systemancally the behaviour of aggregate
supply.

Secondly let us focus attention on the second part of the couple: innovation.
After all it is high levels of “innovational activity” which are associated
apparently with the Kondratieff downswing. It will be argued that Hartman and
Wheeler’s patent data are insufficiently sensitive to distinguish between diffe-
rent categories of innovation and that such distinctions are vital to recent
explanations of the long-wave mechanism. Writing in the same neo-
Schumpeterian tradition as Hartman and Wheeler, Gerhard Mensch has stressed
the importance of categorising different types of innovation. He argues that “...
it is imporzant to separate the choice 2mong and opening of alternative lines of
development from steps forward in lines of development that have already been
established...”*® This consttutes Mensch’s key distinction berween basic in-
novations and improvement innovations. Basic innovations have the following
properties: (2) they occur in clusters; (b) basic innovatory spurts produce several
new industrial branches; {¢) these innovations venture into new industrial
territory, giving labour and capital new lucrative tasks in areas where there is no
direct competition with eisting employment; and (d) basic innovations tend to
follow the path of least resistance and some terms of higher need.**

On the other hand, improvement innovations allow for further development
in established areas of activity i.e. areas established by basic innovations. An
example of an improvement innovadon in the industrial sphere ... could be the
introduction of a new product that is superior to its ancestor in its quality,
reliability, ease of use... raw matertal use, labour cost etc. It could also be the
application of new and better production techniques that would allow old and

with those of McCloskey for the late Victorian economy. Thus McCloskey argued that
British total factor productivity growth was approximately of the same order of magni-
tude as that of the Unized Startes before 1900. D.N. McCroskey “Did Vierorian Britain
Fail?* Economic History Reviewy XXIIT 1970 pp. 446-59. Apart from the fact that the
residual index ‘estimating’ total factor productivity has been called 2 ‘measure of our
ignorance’ the assumpdons on which the analysis is based is hosule to the whole
neo-Schumpererian approach. Thus the neo-classical framework on which McCloskey's
work is embodied includes such non-Schumpeterian requirements as the absence of risk
and uncerrainty. As Nicholas has recently argued “... the heritage of neo-classical
producrion theory... at least in its pure form, rakes history out of econornics.” 8.
NicroLas, “Total Factor Productivity Growth and the Revision of Post- 1870 British
Economic History", Economic History Review, Vol. 300V, No. 1, 1982 p. 95.

3 G. MsnscH, ep. at., p. 48.

3 G. MenscH, op. at., pp. 9-18, 48.
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new products to be made more reliably, of better qualicy or simply in larger
quantities, or at a lower price.”®® Thus improvement innovations incorporate
both product 2nd process innovations.

Mensch also defines a third tier of mnovatons: the so-called pseudo-
irnovations. These are related to minor adaptations which merely alter the seyle,
appearance or packaging of a given product and act in the main 10 lengthen the
product life cycle. They are also associated with minor changes which are
associated with product differentiation. Design obsolescence in automobiles is
an obvious example. In the late XIXth century, a case wmn point, is the Bridsh
penchaat for product differentiauon.

Payne, for example, notes that: “by increasing specialization designed to
exploit marginal differences in quality, and by creating the impression that the
differences were greater than they were in reality, many British firms were able
to secure a degree of oligopoly power... 36

There is a definite sequential pattern m Mensch’s innovative system. In
periods of prolonged depression {referred to by Mensch as the ‘technological
stalemate’) the economy becomes structurally ready for basic innovations and
swarms of such innovations allegedly occur. Following this clustering process a
diffusion of improvement innovations drives the economy into a growth cycle.
Over time a substirution of process for product innovation will take place and as
the series of Improvement innovations are truncated by more pseudo-
innovations the growth cycle levels off.>” Mensch has not been without his
critics. Delbeke, while acknowledging thar the difference berween basic and
nnprovement innovation is crucial, mainzains that a major weakness in Mensch’s
research is a lack of a good criterion for identifying between the rwo types of
innovatdon. He concludes “... the interpretation of a concrete innovarion is
difficult and risky.”*®

Nevertheless, accepting the difficulties of defining basic and improvement
innovations, it is clear that Schumpeterian clusters are closely associated with
major innovatory change and Hartman and Wheeler might well have offered a
survey of such critical changes rather than relymng on their crude patent data. It
would have been consistent with their neo-Schumpeterian approach and pro-
vided a useful complement to Mensch’s location of basic innovatory clusters
during the downswing of the long-wave.

Unfortunately, the construction of lists of major innovatons is a hazardous
enterprise. As van Duijn admits: “Every author in the field agrees that it 1s
extremely difficult to measure the contribution of a particular innovation, and

3 Ibid, p. 47.

% P, PayNE, “The emergence of the Jarge scale company in Great Britain, 1810-
19147, Economic History Review, Vol. 20, 1967, pp. 524-5.

37 See G. MenscH, C. Coutinks, K. Kaasc, op. at., Futures, Vol. 13, No. 4, 1981
p. 284,

3 1. Detseke, op. at., Futures, Vol. XIII, No. 4, 1981, p. 250.
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this makes every list subject to much criticism.”? It is not without surprise,
therefore, that the evidence of major innovatory clustering is contradictory. The
most comprehensive survey for Britain during the XIXth and XXth centuries
has been underraken by R. Baker*® but unfortunarely he dealt with major
inventons and his list is consequently subject to the first criticism. At the same
ume Clark, Freeman and Soeta have referred to this list as “... a rather coherent
and comprehensive sample of the major inventions of the last two centuries;*!
and it deserves at least a brief comment. Baker selected a list of ‘significant’
inventions from all the patents issued in the UK from 1734 onwards and the dara
do seem to support the view that clustering of basic inventions does take place. I
is possible to identify clusters during the downswing of the long wave, (1874-89
and 1928-36) but clusters also appear during certain phases of the upswing as for
example between 1897 and 1903. This latter peak surpasses that of the down-
swing 1874-89. Clark, Freeman and Soete conclude: “There does not, therefore,
appear to be clear prima facie evidence that the observed clustering is unambi-
guously related to partcular economic circumstances, whether favourable or
adverse.”*2

Turning directly to innovations van Duijn has published ewao lists of “‘major’
innovatory changes, one in 1981 and the other in 1983. The first offered a list of
some 80 major innovations in 13 different industrial sectors, the second a more
wide survey of 160 ‘major’ innovations — the latter ranging from the internal
combustion engine to the safety match. Needless to say neither of these lists
adequately caprure Mensch’s basic innovations though the first is 2 more
reasonabie approx:mauon By abstractmg from van Duijn’s two tabuladons
those ‘major’ innovations occurring berween 1849 and 1920 we can derect
whether any definite clustering occurred during the Kondratieff downswing
1873-96. The dara are given in Tables 5 and 6.

While the data from both tables shows a clustering of major innovatons in
the downswing 1873-96 compared with the previous upswing 1849-77, table 5
also shows major innovations clustering during the upswing 1896-1920. In other
words clustering is not an unambiguous property of the Kondratieff downswing
1873-96. Further the picture which emerges for Britain in Table 5b is rather
depressing; of the 14 major innovations listed between 1873 and 1896 only 2 are
atrributed to Brittsh innovatory developments. Table 6b gives a more opumistic
picture but it is the data from the former table which is more likely to approxi-
mate basic innovations. One inference that could be drawn from the data is that
the Brinish could invent (Baker data) but were relucrant to innovate (var Duijn

¥ 1.J. vaN Duin, op. cit., Fueures, Vol. X111, No. 4, 1981, p. 271.

* R.Baxer, New and I mprcmed Inventors and Inventions that bave changed the
modern wworld {(London, Britsh Museum Publicarions Lid 1976).

1 J. Crarke, C. FREEMaN and L. So=Tz, “Long-Waves, Inventions and Innova-
tions™, Futures, Vol. XIV, No. 4, 1981, p. 310.

2 Ibid, p. 311.
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Table 52
MAJOR INNOVATIONS IN 13 INDUSTRIAL SECTORS*
Kondraucff periods 1849-73 1873-96 1896-1920 Torl
No major innovations 5 14 14 33
Table 5b
COUNTRY OF ORIGIN OF MAJOR INNOVATIONS 1873-96
USA )
Germany 4
UK 1
France 2
Others 1

Source J.J. van Duyn op. at, Futures Vol. XIII, Neo. 4 1981 Table 4.
* The Industnial Sectors included syntheuc fibres, resins, telecommunications, automobiles,
steel etc. :

Table 6a
MAJOR INNOVATIONS 1849-1920

Kondraueff periods 1849-73 1873-96 1896-1920 Total
No major innovations 20 30 23 73

Table 5b

COUNTRY OF CRIGIN OF MAJOR INNOVATIONS 1873-96

USA 6
Germany 4
UK 1
France 2
Others 1

Source ].J. van Dunw, op. cit, Futures Vol XIII, No. 4 1981 Tzble 4.
* The Industrial Sectors included syntheric Fibres, resins, telecommunications, automobiles,
stesl sre.
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Table 5b). If this was the case we would expect the sluggish development of new
industrial sectors in Britain and indeed a number of authorities suggest that this
might well have been the case from the 1870s down to the First World War. In
the latest major survey of the Victorian economy Francois Crouzet has claimed:

“English industry did not succeed in adapting to the new conditions of the
international economy... in making the necessary and large scale effort of
innovations. On the one hand, traditional industries failed to sustain 2 high level
of technology that would keep them competitive. On the other hand, the new
industries, e.g. organic chemistry, electrical equipment and mortor cars, only
developed at 2 modest rate, too modest 1o replace the old industries.”*?

Crouzet acknowledges that one can easily paint a too gloomy picrure of
British indusery at the end of the XIXth century ... a picture that is probably
biased.”** There did appear for example to be a relauvely rapid adaption to
modern techniques in a number of sectors on the eve of the First World War i.e.
during the upswing phase of the Kondratieff. Accepting these reservations
Crouzet nevertheless lends support to the position of S.B. Saul, who, while also
guarding agains: excessive pessimism, stresses that by the last quarter of the
XIXth century “... Great Britain had ceased to engender new products and new
processes.”**

Reviewing the literarure on technological change in Britain 1870-1914,
Crouzet concludes “... on the rechnological plane, the British economy showed
up serious deficiencies and there was too litle innovadon,”® In short the
evidence for the clustering of innovatory activity and infrastructural develop-
ment specific to the Kondratieff downswing 1873-96 is wezk for Britain and as
Hartman and Wheeler’s argument rests largely on such a clustering patrern their
overall treatment of British economic development in the late XIXth and early
XXth centuries 1s seriously weakened.

Industrial Structure and the Long Wave

Bur if the empirical support is suspect there is still much in the theorerical
construction which 1s important and can offer a new departure in the study of
the long wave. Their work can be extended to establish the basis for a linkage
berween industrial structure, innovatory clustering and the long wave. They
begin their approach with an attempt to link the micro- and macro- levels of the
theory by a critical use of Nelson and Winter’s evolutionary theory of the firm.

They stress the need to relate the impact of innovatory clusters at the
aggregate level of the economy to the behaviour of the basic business decision-
making unit, the firm, and they hypothesize *... that waves of innovation and

“ F. CrOUZET, op. at., p. 382.
* Ihid. pp. 288-290.

* Jbid. pp. 385-386.

¥ Jbid. p. 390.
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infrastructure reflect at the macro-level the concentration in space and time of
evolutionary technical change simulated by Nelson and Winter*” However,
Hartman and Wheeler do not specify the type of firm behaviour pattern which is
consistent with their hypothesis. Such a pattern can now be outlined and its
resulting consequence for the dynamics of industrzal structure explored. During
the innovatory cluster there would be a nise in the number of new innovatory
business units and a growing survival problem for more conservative enter-
prises; less dynamic firms would be subject to intense compertitive pressure.
That is, the competitive environmental shifts postulated by Nelson and Winter
which would require a change of firm’s regimes.

There is a high probability that entry rates and exit rates would rise*® and
firm population movements would conseguently be volatile. Industrial struc-
ture will therefore be subject 10 marked shifts as its constituent element firms
struggle for dominance and survival. Thus firm behaviour and innovatory
clustering may be linked to the Kondratieff downswing phase via a volatile firm
population surucrure. Consequently movements in industrial scructure can
constitute a test for the downswing phase of the long-wave; industrial structure
in other words should display what we may term a neo-Schumpeterian pattern.

A detalled survey of British industrial structure has yet to be undertaken bus
my own research*” has provided the reconstruction of the industrial stucrure of
the Manchester cotton industry and the Sheffield iron and steel industry.*® I
have argued that techniques of industrial reconstruction allow”* the economic
historian to ““... trace the industrial dynamics of a given population of firms” and
to examine its voladliry “...in reladion to 2 number of vartables associated with
entry and exit rates and the degree of firm mobility between size categories.”
The behaviour of Manchester cotton firms c. 1815-1833 and Sheffield iron and
steel firms 1880-1901 will be used wo test the neo-Schumpetenian hypothess.
The basic ground for adopting this material is three fold:

* PMarTMaN and WHEELER, p. 47.

“8 For an analysis of the conditions of entry and exit see E. Mansrierp “Entwy, Exit
and the Growth of Firms” in B.S. YaMEY (ed.), Economcs of Indusrrial Structure
(Harmondsworth, Penguin 1973},

4? The research has been conducted coopcrat:on with Mk A.A. Le Rous, for the
corton industry, and Mr M.J. Lewis, for the iron and stee! industry. I am indebted o
both these colleagues for our work in industrial reconstruction.

% R.Lroyp-Jonzs and A.A, LE Roux, “Marshall and the Birth and Death of Firms:
The Growth and Size Distributon of Firms in the Eacly 19th Century Cotton Industry”,
Business Flistory, Vol XXIV, No, 2, 1982 (hereafter 85 1982) and R. LLoYD-JONES and
M.]. Lews, “Industrial Structure and Firm Growth: The Sheffield Iron and Steel
Industry 1880-1901", Business History, Vol. XXV, No. 3, 1983, 1983 (hereafter BH
1983).

1 See R. LLovp-JonEs and M.]. Lewts, “Ratebooks and Industrial Serucrure: A
Technique for Reconstructing the Local Economy”, Local Historian, vol. XV1I, No. 5,
1987.

52 BH 1983, p. 260.
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a) During the respective time periods the two industries were studied they
represented important sectors of the economy. Cotton was the leading sector of
the early XIXth century British economy and the steel industry was one of the
key industries of the late XIXth century.®

b) The industries were examined during two different Kondratieff down-
swings and each in their own tme phase were subject'to significant technological
innovations and coOmMpetitive pressures.

¢) The two industries represent contrasting sectors of the economy, one a
consumer good, the other a capital good.

Cotton Industry

The reconstruction of the Manchester cotton industry ¢. 1815-33 falls within
the downswing of the first Kondratieff c. 1810-17 - 1844-51. The industry
clearly indicates high entry and exit rates resulting in a volatile industrial
structure. The orgimal 9Q firms that consiututed the 1815 population had been
decimated by 1833; approximately three-quarters had left the industry by the
latter date.*® The basic data led to the conclusion that: ... the population of 1833
was dominated by firms who bad entered the industry since 1815. This category
accounts for 69 percent of all firms in 1833. Firm population was volatle, with
high exit rates compensared by high entry rates.”*® Cotton, the leading sector of
the early XIXth century Briuish economy, displayed a firm behaviour pattern
which appears 1o be consistent with the neo-Schumpeterian interpreration of the
long-wave. Does such a pattern hold for the late XTX1h century Sheffield iron
and steel industry? The industry was reconstructed for the period 1880 to 1901
giving an approximate time path to the downswing of the second Kondratieff.
The original 188C population totalled 301 firms providing a survey of some three
times the number of firms covered in the anzlysis of the cotton indusery.

Sheffield’s industry was sub-divided into three industrial types composed of

%2 For the comon industry see $.D. Carman, The Cotton Industry in the Industrial
Revolution (London, Macmillan, 1972); for iron and steel see F. Crouzer, 0p. ciz., Ch 8.
MANCHESTER and SHEFPIELD, of course, constitute major centres of their respective
industries.

** The cotton industry 1815-33 was subject to the rapid diffusion of steam mule
spinning and the introducrion of the power-loom, the larter underlying the rise of new
integrated spinning and weaving firms. Major developments in the steel induswry in-
volved the rapid diffusion of the Siemens-Martin steel and the introduction of the
Thomas process.

% Ina more recent study we have shown that 63 firms left the Manchester industry
berween 1825 and 1833. R. Lrovp-Jongs and A.A. LE Roux, “Factory Utilization and
the Firm: The Cortron Industry c. 1825-1840”, Textile Fistory, Vol. XV, No. 1, 1984,

¢ BH 1982, p. 147.
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four size categories — the larter being designated, small, medium, large and

giant.*” Firms were grouped as follows:
i (B) Bastc producers of iron: and steel;

. 11 (C) Cutlery producers, including pure fabricators and integrated concerns

producing both cutlery and the basic product;

iii (TE) Tool and engineering goods producers, including pure fabricators and
integrated concerns producing both tools, engineering goods and the basic

product,

The following profile of Sheffield industrial structure between 1880 and

1901 is outlined in Tables 7 and 8.

Table 7

SHIFTS IN SHEFFIELD INDUSTRIAL STRUCTURE BY

INDUSTRY TYPE 1880-1901

Indusery type B cC TE
Size category 188G mn 15850 1901 1880 1901

Ne % Ne % Ne % Neo % No % MNe %
Small 28 47 30 49 70 74 69 68 77 52 79 48
Medium 20 34 19 i1 2 22 25 24 42 29 53 32
Large 8 14 9 15 3 3 8 8 1 11 17 106
Giant 3 5 3 5 1 1 g 0 12 8§ 16 10
Total 59 100 &t 100 95 100 102 100 147 100 165 100
Source BM, 1983 Table 2.

Table &
SHIFTS IN INDUSTRIAL STRUCTURE 1880-1901:
ALL INDUSTRIES COMRBINED
Size category 1880 1901
Ne % No %

Small 175 58 178 54
Medium 23 28 97 30
Large 27 9 34 10
Giant 16 - 5 19 6
Toral 301 100 328 100

Source BH, 1983 Table 3.

All in all 57 percent of the 1880 population of firms survived to 1901 with
43 percent leaving the industry. This compares with only 24 percent of corton
firms surviving from the 1815 population to 1833, with 76 percent leaving the

57 BH 1983, Table 1.
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industry. The small iron and steel firm showed, for example, a marked resilience
compared with the small cotton firm. While 85 percent of all small cotton firms
left the industry between 1815 and 1833 the rate of exit of small iron and steel
firms was less than half that level between 1880 and 1901, 40.6 percent of the
1880 population exiting. The conrrast berween the two industrial structures is
also marked in the case of entry firms, these firms making a significantly greater
contribution to changing industrial structure in Manchester compared with that
of Sheffield.®® The survey of Sheffield’s industrial structure allows a positive
conclusion: “... industrial structure is stable, there is no discernible tendency
towards a given size category either in a given industry type or for the combined
industrial structure. Certainly, the industry does not display the volarilicy
shown by Lloyd-Jones and Le Roux for the early XIXzth century cotron
industry”.*® The evidence is clear, Sheffield iron and steel firms do not behave
in a way consistent with a neo-Schumpeterian pattern during the late XIXth
century Kondratieff downswing. It must be stressed that this is only a prelimin-
ary survey but evidence from two other sources tends to confirm the Sheffield
pattern,

Firstdy, Professor Payne has provided a detailed analysis of 2,625 Scortish
limited companies formed berween 1856 and 1895.%° These firms covered the
whole spectrum of economic activity ranging from manufacturing 1o public
utilittes, to shipping insurance and financial services. Payne’s work is a gold
mine of information on these early limited companies; unfortunately it does
have limited applicability for the type of test I wish to apply. One major
problem is that many of these limited compa.mes were conversions of ex:lsung
concerns®! and therefore do not constitute genuine entry firms from the poinz of
view of total firm population. Rather than entry data attention will be focused
upon survival rates as an indicaror of firm population volatility. Payne provides
data for the number of Scottish companies in existence at the end of 1875 and
1894% and it is thus possible to trace the behaviour of the population of firms
through the Kondratieff downswing of the late XIXth century and the subse-
quent upswing. Are the survival rates significantly different from that of Shef-
field and do they vary over the two time periods (1875-1894 and 1894-1914) as

% For example, taking the medium and jarge category, entry firms contributed only
21.1 percent to the 1301 Sheffield population while a similar exercise for cotton shows
entry firms contributing 59.1 percent to the 1833 population.

% BH, 1983, p. 261.

® P.L. Payne, “The Early Limited Companies, 1856-1895: An Historical and
Analytical Survey”. California Institute of Technology, Social Science Working Paper
No. 222, June 1978 (hereafter CIT 1978).

*! Payne points out, for example, that many of the limited companies in the iron
mndustry formed in the early 1870s were conversions of existing firms C/T 1978 p. 30.

82 Ibid. pp. 22-24.
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the neo-Schumpeterian hypothesis would lead us to expect? These propositions
are examined in table 9 :

Tabie 9

SCOTTISH LIMITED COMPANIES SURVIVAL
PATTERNS 1875-1914%9

Sheffield

N.o of Firms in Existence Percentage Surviving Survival Firms %
1875 1894 1880 - 1901
444 205 45.2 57.0
1894 1914

1606 743 46.3

Scotuish limited companies displayed a lower survival rate than Sheffield
iron and steel firms during the Kondratieff downswing but volality expressed
in terms of the percentage of firms surviving shows remarkable symmeery for
the two populations over their respective time periods. There is lictie here in
support of a neo-Schumpeterian hypothesis.

Secondly, the findings for Sheffield tend to blend in with more general work
on late XIXth century firm behaviour. The literature emphasises the slow pace
of the merger movement in Britain, the reluctance of family firms to adopt
public limited status and the consequent resilience of family control in the affairs
of the firm.**

These tendencies held back the growth of large scale firms*® and meant that
British industrial structure compared with the United States or Germany was
characrerised by large numbers of small and medium sized firms.*¢ It could be
argued, of course, that small and medium firms are more effective carriers of
Schumpeterian innovations than large-scale units but the overall impression
during the lare XIXth century is the ‘conservatism’ of British firms, rypified by

& This rable is adapred from Table 9 in CIT 1978, p. 24b.

& See, for example, A.D. CHANDLER, “The Growth of the Transnational Induserial
Firm in the United States and the United Kingdom: A Comparative Seudy” Economic
History Review, Vol. XXXIII Ne. 3, 198C. L. HannaH, “Mergers in Briush Manufac-
turing Industry 1880-1918”, Oxford Econmomic Papers, Vol. 26, 1974. P.L. Paxng,
Industrial Entrepreneurship and Manzgement in Great Britain®, in M.M. Postanand P.
MatHtas {eds) The Cambridge Economnic History of Eurape, Vol. VII Part. 1 {London
CUP 1978), P.L. PayNe, op. cit., Economic History Review, Vol. XX, 1967.

% A.D. CHANDLER, op. cit., Economic History Rewiew, Vol. XXXI1I, No. 3, 1980,
PP 398-400.

% 1. HanNNaH, The Rise of the Corporate Economy (London, Methuen, 1976),
p- 13
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the trend towards private limited companies which gave the bencfits of limited
Liability but restricted the number of share holders and was designed to keep
effective control in family hands.®” Chandler, for example, argues that a compa-
rative analysis of the growth of large industrial firms in the United States and the
United Kingdom ‘emphasises how much more quickly managerial enterprise
appeared’ in the former compared with the larter. ‘Normally’ he claims “... it
took 2 British firm three generations to reach the size and manageriai strength
that a comparable American enterprise achieved in one. ‘British manufacrurers
moved slowly into the mass production of consumer goods and ... the failure of
.. local heavy machinery firms to develop marketing organizations within
Britain ... made it easier for the Americans to take over the British market for
volume-produced standardized producer goods, such as harvesters, electrical
equipment, elevators, shoe machinery, and printing presses.”®
This paper has aremnpred to examine the hstorical dynamics of the British
economy in the late XIXth and early XXth centunes. Litele support has been
found for the neo-Schumpeterian notion of innovarory clusters acting as a key
mechanism of economic change nor do such clusters appear to phase with the
temporal sequence of the Kondratieff long-wave. An examination of move-
ments in firm population structure reinforced this view. But to avoid finishing
on a negative note these findings may yet again be an example of the peculiarities
of British economic history.®® A case can be made for the upswing of a ‘tech-
nological’ Kondratieff in the late 1890s associated in particular with rapid phases
of growth in Germany and the United States. Thus Trebilcock in the larest text
on Continental economic development has stated “...the German contribution
to the high-technology Kondratieff at the century end could be approached only
by the United States.””® Part of the growing tension of this epoch was the British
failure to exploit this technological Kondratieff.”!

7 A.D. CHANDLER, op. ¢izt., Economic History Review, Vol. XXXX1II, No. 3, 1980,
pp. 401-2.

8 Ibid. p. 408.

 For a recent statement challenging the adoption of British industrial development
as a standard 1o judge later developments see M. Fores, “Myth of the Industrial
Revoluden”, History, Vol. VI, 1981.

7 C.TREBILCOCK, The Industrialization of the Continental Powers 1780-1914 (Lon-
don, Longman, 1981}, p. 49,

7 For an interesting examination of Britain’s relative economic decline and the
political and strategic implications see P.J. Can, op. at., pp- 34-59.
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