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Abstract:

It was only late in his career that Schumpeter coined the concept of ‘creative
destruction’, but this concept efficiently points to core aspects of his vision of
capitalist economic evolution. The present paper demonstrates that the
process of creative destruction can be handled efficiently by a set of methods
for quantitative evolutionary economics. These descriptive methods are called
evometrics, and they have been pioneered by researchers like George Price
and Stan Metcalfe. Their starting point is the partitioning of evolutionary
change into selection effects and innovation effects. On the background of this
evometrics it becomes clear that what Schumpeter needed for the
development of his concept of creative destruction was statistical tools for
partitioning the aggregate effects of evolution in terms of the underlying
population dynamics. This partitioning provides the basis for a clear-cut
interpretation of creative destruction—both as a simple and as a multi-level
process.
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1. Introdu ction

Among Schumpeter’s many cachy expressons the most well known is probably that
of credive destruction. The reason is that this expresson is not only a piece of
thought-provoking rhetoric but aso that it clealy expresses his vision d capitalist
eoonamic evolution and the related socio-palitica conflicts. During the last decale
the mncept of creative destruction has gained precision through its use & a means of
interpreting increasingly abundant data of evolutionary econamic change. This gives
some weight to its invocaion by Alan Greenspan (2003, the chairman of the US
Federal Reserve Board:

The American econamy has been in the forefront of what Joseph Schumpeter ... cdled
‘credive destruction’, the continuaus srapping of old technologies to make way for the
new. It presupposes a antinuows churning of an economy in which the new displaces the
old, aprocessthat brings both progress and stress ... | do nd doubt that the vast majority
of us would prefer to work in aless stressful, less competitive environment. Yet, in our
roles as consumers, we sean to relentlessly seek the low product prices and high quality
that are prominent features of our current frenetic e@nomic structure.

Econamic evolution is a processthat brings both productivity increase and socio-
paliticd stress bu these aspeds of the processand their interconredion are in need
for in-depth studies that are guided by precise and general methodk. It is, for instance,
not always obvious how the scrapping of old techndogies influences the stressul
displacement of jobs at the level of regions and firms. To study this and many other
aspeds of the processof creative destruction we need an adequate set of methods of
guantitative evolutionary econamics. In the present paper it is argued that this toolbox
can be developed on the basis of methods that were originally developed within
biometrics and that have dready been generalised into what is here cdled evometrics
that covers any kind of evolutionary process® The starting pant for this evometricsiis
the partitioning of evolutionary change into the seledion effed and the innowation
effect. The selection effect covers much of the immediate contents of the cncept of
credive destruction: the positive seledion d novel emnamic adivities to a large
extent presuppases negative seledion o other econamic adivities. This is the
Darwinian asped of evolution. But emnamic evolution is also charaderised by a
broadly defined innowation effed that includes elements of what may be cdled
Lamarckian evolution. More specificdly, the ‘innowation’ effect includes innowetion

in the narrow sense as well as imitation and leaning. While the former clealy



function as a part of Darwinian econamic evolution (by providing new fuel for the
seledion pocesy, thisis nat its only function. Innovation in the narrow sense dso
functions as an insurance against destruction for many regions and firms. When it
comes to imitation and leaning, this motive of avoiding destruction is even more
predominant. Therefore, the question d the relative strength of the two effeds is of
crucia importance for the charaderisation d the processof creative destruction.

The paper performs such an anaysis in two steps. In sedion 2 a verbal
reinterpretation o Schumpeter’s credive destruction is made in relation to loosely
defined evometric methods, whil e these methods are more systematicdly spedfied in
sedion 3. More etensive acournts for the applied evometric toolbox and its
badgroundare foundin Andersen (2003 2004g; 20040 2004).

2. Schumpeter’s process of creative destruction

2.1. Vision and analytical scheme

Although Schumpeter named his concept of creaive destruction late in his career,? it
may be used as a heading of the theory of ecnomic evolution that he held throughou
his acalemic life. Both the structure of this theory and the expresson d credive
destruction pants to its origin in reflections of a Nietzschean origin, but this issue
canna be mvered in the present paper.® Instead we shall concentrate on the mntents
of the cncept:

[It is tlhe process of industrial mutation—if | may use that biological term—that
incessantly revolutionizes the emnomic system fromwithin, incessantly destroying the old
one, incessantly creating a new one. This processof Credive Destruction is the essential
fact about capitalism. It is what capitalism consists in and what every capitalist concern
has got to live in. ... [T]he problem that is usually being visualized is how capitalism
administers existing structures, whereas the relevant problem is how it creaes and
destroys them. As long as thisis nat recognized, the investigator does a meaningless job.
As onasit isreagnized, his outlook on capitadist pradice andits cia results changes
considerably. (Schumpeter, 1950, pp83f.)

These formulations about creative destruction reed some darificaions. First,
Schumpeter uses the term mutation as a synonym for transformation at the macro
level rather than according to the biologicd convention that points to a jump in the
characteristics of entities at the micro level. However, when he talks of revolution
‘from within’ the economic system, he points to the inclusion d micro-mutations into

the definition d econamic adivities. It is these innovations in the narrow sense that



provides the fuel for the process of credive destruction. Sewmnd, the interrelated
destruction d old structures and creation d new structures suggests a process of
eananic seledion. This seledion processis due to monopdistic competition that is
described elsewhere in Schumpeter’s book, bu this competition is also abou the
change of ‘capitalist concens' in ways that alow them to avoid destruction. Third,
Schumpeter suggests that creative destruction comes close of being a defining
characteristic of cgpitalism. While feudalism and sociaism might exist in stationary
states withou credive destruction, a ‘stationary cgpitalism’ would in his view be a
contradiction in terms. Fourth, the anphasis on creaive destruction as the esence of
cgpitalism is part of a polemic against the standard econamic theory that focuses on
the dficient all ocation d resources to uphadd existing econamic structures. The focus
shoud be on revolution rather than on conservation, bu other parts of Schumpeter’s
work emphasise that the analysis of the simple reproduction and gowth of econamic
structures shoud na be totally dismissed.

Schumpeter’'s concept of creative destruction describes a unique process in
historica time &ou which he has two main hypotheses: it is a waveform processand
even its basic characteristics are undergoing change. The hypothesis of waves of
evolution means that ‘the perennia gale of creaive destruction’ (Schumpeter, 195Q
p. 89 isnat blowing constantly. Thus his above quoted expresson abou the incessant
revolution d econamic structures shoud not be taken too literaly. Instead

Schumpeter (1950, p. 83 emphasi ses that
[t]hose revolutions are not strictly incessant: they occur in discrete rushes which are
separated from ead other by spans of comparative quiet. The process as a whole works

incessantly however, in the sense that there dways is either revolution or absorption d the
results of revolution, both together forming what are known as businesscycles.

Here Schumpeter suggests that creative destruction follows a path that is recorded
in his basic scheme of ewmnamic evolution. According to this scheme the
revolutionising of the routine eonamy tends to take place through the following
styli sed sequence of events:*

= |nitia equili brium: The analyticd starting point is an econamic system that is

based on solid routine behaviour. This system is assumed to have found an

equili brium that allows the e@namic agents year after yea to operate in their
acastomed ways.

= |nnovation and ‘econamic development’: The initial equili brium bregks down
when a minority of innovators gdarts their enterprises. This leads to an
eoonamic upswing, bu gradually the stream of innowations fades out because
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of the depletion d innovative skill s and the difficulties of innovating under
disequili brated condtions.

= Renewed equili brium: Soorer or later the innovative impulse is insufficient to
uphdd the upswing. The downswing sharpens the cmpetitive process of
credive destruction, where many old firms are seleded ou of the economic
system. At the end arenewed and well -establi shed routine system emerges.

= Evolution: The e@namic evolution d the routine system consists in a series of
routinised equili bria and innovetive disturbances.

In a modified form,> this analyticd scheme helps Schumpeter (1939 in his
evolutionary analysis of different forms of business cycles, but the long-term
reorganisation of the capitalist eamnamy to some extent undermines the scheme. This
reorganisation can be summarised in terms of two models (Schumpeter, 1928, p
384):°

Innovation in competitive caitalism is typicaly embodied in the foundation of firms ...;

improvement is forced on the whole branch by the processes of underselling and d

withdrawing from them their means of production, workmen and so on shifting to the new

firms ... The new processes do nd, and generally cannat, evolve out of the old firms, but
place themselves sde by side with them and attadk them. [ Schumpeter Mark 1]

All this is different in ‘trustified’ cgpitalism. Innowetion is, in this case, na any more
emboded typically in new firms, but goes on, within the big units now existing, largely
independently of individual persons. It meds much less friction, as failure in any
particular case loses its dangers, and tends to be crried out as a matter of course of the
adviceof specialists. [ Schumpeter Mark 11]

In the Mark 1l model established firms are not helplessvictims in the process of
credive destruction. Oligopdistic firms do nd wait with their reagions until they are
seleded away. Instead they use innowetion has a means of at least kegoing up with
other firms. This asped of Schumpeter Mark 11 is included in Nelson and Winter's
(1982,chs 12—14 simulation models of Schumpeterian competition with an econamic

evolution that after a shake-out of small firms goes onwithou much destruction.

2.2. Verification and theoretical refinement

In the 193G Schumpeter was engaged in an empiricd clarification and ‘verificaion
of his hypotheses abou econamic evolution as a process of credive destruction
(withou using the term before 1942). His gudies emphasised the Mark | model, and
the results were pulished in the voluminous Business Cydes. A Theoretical,
Historical, and $atistical Analysis of the Capitalist Process These results were not

convincing. Thus Kuznets' (1940, p. 27Pextensive review concludes

... that the book does nat present afully articulated businesscycle theory; that it does not



adually demonstrate the intimate mnnection between econamic evolution and business
cycles; that no proper link is established between the theoretical model and the statigticd
procedure; that the historical evidence is not used in a fashion that limits sufficiently the
area of personal judgement; or that the validity of the three types of cycles is not
established.

Although this harsh evaluation may be modified (Freaman and Louca 200J), it
correctly points to serious weaknesses in Schumpeter’s coordination d his theoreticd,
statisticd and historicd materials. First, his evolutionary theory is not developed into
aformat that all ows for the measurement and quantitative analysis of microevolution
and maaoevolution. Second, hs gatisticd analysis is based on dverse, and mostly
aggoregate, time series data that does not explicitly ded with the evolutionary process
insteal they are used to describe businesscycles in a non-evolutionary way. Third, the
sketchy accourts for the evolution o techndogies and aganisations are based on
very diverse historicd records, and the result is a narrative with many idiosyncratic
elements. These aspects of Schumpeter’s work have for along time cat much doul
on the validity of his hypotheses and hindered the development of his ideas abou
creaive destruction.” There is, however, another interpretation: Schumpeter was a
very insightful student of econamic evolution as credive destruction, bu helived in a
period where the relevant time series data had not yet been colleded and where the
relevant tods for evolutionary analysis had not yet been developed. This is the
interpretation that underlies the present paper.

Present-day data and analyticd todls all ow usto return to Schumpeter’s unfinished
work that was programmaticadly summarised in the preface to the fourth German
edition d his Theory of Econamic Devdopment (translated and commented by
Shionoya, 2004. Here Schumpeter applies his instrumentali st methoddogy to spedfy
his conception d verification:

We must first agreeon what we mean by ‘verification’. Any judgement of fad that is not
analyses and elaborated cannot actualy prove the truth o falsity of a theoreticd
statement. It would nd even be true to say that observations of statistical or historical
facts could show us whether or not a specific theory is consistent with them. For a very
rea relationship may be so conceded by other factors that we can urderstand nahing
abou it without an aralysisthat digs deeply into the situationitself. Therefore only a more
modest goal can be attained—namely, to ascertain how the relationships asserted by a
theory are perceptible, or to pu it differently, hov much a theory contributes to the
understanding of the situation. (Schumpeter in 1985; after Shionoya, 2004 p. 134)

Schumpeter’'s own attempts to implement this form of verification d his

evolutionary theory made relatively littl e use of statisticd data:



[T]ime series show only the quantitative mntours of a historical process... If one believes
one can manage with time series alone, he overvalues them very much. Rather a historical
explanation of time series, i.e., an observation of what actually happened in economic life
yea by yea—paossibly month by month—is neaessary not only to seethe ‘disturbances
from outside’ but also to understand even the normal course and its mirror images in
statistical figures. Only by this investigation it is proved that actually working factors are
in fad those stated by the theory. In this regard, we have to enter into details, i.e., the
course of individual combines, but this is far beyond my ability. (Schumpeter after
Shionoya, 2004, pp. 135f.)

This datement refleds the fad that the eonamic time series dudied by
Schumpeter were of an aggregate nature and withou any spedfication d the
underlying firm-level data. For this purpose he only had mixed historicd records of a
largely qualitative nature. But today the situation is quite diff erent since we to alarge
extent have accessto the statistics of the underlying micro-data. These longitudinal
micro-data has led to a renewa of the Schumpeterian research programme &
indicated by surveys of e.g. micro-based produictivity studies (Bartelsman and Dooms,
2000 and studies of credive destruction in terms of labou flows between firms
(Davis and Haltiwanger, 1999 Armington and Acs, 2004.

The ‘didogue with and development of Schumpeter's theory of credive
destruction hes been limited, hawvever. In contrast, Schumpeter (after Shionoya, 2004

p. 139 suggests that

... aninquiry into the empirical materials of businesscycles [and the related evolutionary
change] provides ... inexhaustible sources of theory. Theory can always draw from them
new viewpoints, new problems, and rew methods ...

The main reason why this possbhility has only been exploited to a limited extent
seans to be that too little emphasis has been pu on the theoreticd spedficaions and
refinements suggested by relating Schumpeter’s theory to empirica data. More
spedficdly, the new availability of longitudinal micro-data suggests a statisticdly
oriented reformulation d the theory of creative destruction, bu this reformulation can
only be implemented efficiently with the help of quantitative evolutionary analysis.

Let us quickly consider how this can be dore before we in section 3study the detail s.

2.3. A preliminary evometric reformulation

The starting point for the evometric reformulation of Schumpeter’s theory of credive
destruction is the partitioning of evolutionary change into the seledion effed and the
innowetion effect. The seledion effed covers both the paositive seledion d nowe

eonamic adivities and the negative seledion of other econamic adivities. But



eoonamic evolution is also charaderised by a broadly defined innovation effed that
includes innovation in the narrow sense & well as imitation and leaning. The relative
strength of the two effects is of crucia importance for the dharaderisation d the
process of credive destruction. This charaderisation, havever, depends on whether
we analyse Schumpeter’ s processof credive destruction in terms of technologies and
in terms of firms. In the first case we might try to describe cyclical credive
destruction as a pure seledion pocessat the level of subpopuations of adopers and
non-adopters of anew cluster of tedindogies. According to this interpretation (which
has some suppat in Schumpeter’s Business Cydes) the initial state of the e@namic
system has no significant variance with resped to productivity. However, the
popuation consists of two subpopuations: a very small subpopuation that has
already adoped a productivity-enhancing innovation and a dominant subpopuation
that has not. During the upswing the subpopuiation o adopters increases its weight,
bath by expansion d the existing firms and by recruitment of other firms that apply
the innowetion. Thus there is a seledion effed during the upswing. Here the alopting
subpopuation is fadng paitive seledion, and the nonadopting subpopuation is
fadng a negative selection.

This analysis is illuminating, but firms and their employees are nat interested in
what happens at the level of subpopuations. Their main problem is whether they
individually can avoid negative seledion. During the upswing this negative seledion
can be avoided in two ways. First, nonadopters may avoid negative selection becaise
of an inflow of unuilised resources into the econamic system during the upswing
(Schumpeter normally assumes away this possbhility to keep the anaysis smple).
Sewnd, the previous non-adopters may avoid decline of their resources by becming
adopters of the innowation. During the downswing these passhbiliti es becomes harder
to exploit. First, some of the econamic resources beaome idle, and at the same time
product markets and financial markets become more seledive. Seaond, the firms that
have nat already become alopters during the upswing are the ones that are likely to
have large difficulties in adopting. Therefore, the downswing a period where negative
seledion becomes widespread. Since econamic agents normally rea¢ more strongly
to negative selection than to pasitive seledion, this destruction immediately points
toward Schumpeter’s (1950) vision d long-term socio-paliticd consequences of the
processof credive destruction® In evolutionary terms the downswing is the period in

which the productivity-enhancing innovation spreals throughou the system so that
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behavioural variance reaches a minimum. But Schumpeter allows for a limited
presence of the innovation that will carry the next wave of evolutionary change, so
variance will not beacome zro.

Even the long-term trend from Mark | to Mark Il of credive destruction under
cegpitalism may be specified in evometric terms. If al innowtive activities are
transformed from individual entrepreneurs that innovete by creating rew firms to
oligopdistic firms with permanent in-house innovation, then we shoud exped to see
that an increasing part of evolutionary change is due to the innowation effed while a
deaeasing part is due to the seledion effed. The reason is that such oligopdistic
firms do nd wait with their reactions urtil they are selected away. Instead they use
innovetion has a means of keeguing up with the mean behaviour of the popdation d
firms. Thus what in an earlier phase of capitalism was obtained through the seledion
effect will now be obtained through the innovation effed. Since this proposition this
is not generally obvious, we seriously need empiricd studies abou the isale. In these
studies we will have much nead o the multi-level version d evolutionary change.
The reason is that the Schumpeterian large-scde firms consist of many units, and
some of the goparent disappeaance of the seledion effect may be due to a movement
from seledion between firms to seledion within firms. It is, however, on kalance
likely that we shall find an increased importance of the innowetion effed as a partial
substitute for the seledion effect.

3. The evometric analysis of creative destruction

It is amourt of switching of econamic resources between e.g. firms and regions that
largely determines the socio-econamic stressof credive destruction, and this amourt,
of course, depends on the level of aggregation at which we study the process Thus
there ae different amounts of switching within and ketween firms, and within and
between regions. Sincethe diff erent forms of switching have different social costs, we
ned a flexible method of measurement. Such a method can be developed in relation
to the general evolutionary metrics, or evometrics, that is presently being developed
within evolutionary economics with much inspiration from evolutionary biology.’
Given a measurement of creaive destruction, a large research agenda immediately
emerge—within evolutionary econamics and development ecnanmics as well as in
relation to sociology and pditicd science Presently we shall, howvever, concentrate



on dfinitions and measurements.

3.1. The reproduction of firms and their routines

To study the switching of employment implied by the processof credive destruction
we start by seleding a sequence of paints of time, t,t',t",..., and by defining a set of
eoonamicdly relevant entities for which we llect census data & these points of time.
The time paints, the set of entities (here cdled the ‘popuation’), and the individual
entities may pragmaticdly be defined in many ways. Thus the time period between
our data @lledions may e.g. be one or ten years, the ‘popuation’ may cover an
indwstry, a courtry or the whoe world, and the entities may be plants, firms or
regions. In any case, the basic task is to describe the aeative destruction that takes
place between the population state P and the popuation state P'. This change is
produced by the basic evolutionary forces of seledion and innowation as well as by
exogenous factors. Since we put some enphasis on seledion, it is convenient to cal P
the pre seledion popuation and P' the post seledion popuiation. For concreteness
we may think of P and P’ as consisting of firms, and until sedion 3.4we shall ignore
the problem of handling new firms when coll eding the necessary information for our
anaysis.

In biology the cre concept of evometric analysis is denoted by ‘fitness, and this
naming is related to the phrase of ‘surviva of the fittest’ that means something like
the ‘evolutionary success of the best designed’ (Michod, 1999, 140 In the present
version d emnamic evometrics the neutrality and nontheoreticd charader this
concept are anphasised by using the term ‘reproduction’ rather than fitness The

degree of reproduction d afirmi is measured by itsresources x' in the post seledion
popuation compared with its resources x in the pre seledion popuation. Thus the
core variable is the reproduction coefficient w = x'/x. Following Marx, the firm
(and any other socio-econamic entity) may by said to be charaderised by ‘simple
reproduwction’ if w =1 ‘expanded reproduction’ if w >1 and ‘shrinking
reproduction’ if w <1. These terms form the basis of an anaysis of creative

destructionthat even inits smplest form require agood deal of notation.

The fact that the reproduction coefficients of firms are normally different and
influenced by their characteristics implies that a process of selection is taking place.
In the study differential reproduction we often concentrate on relative reproduction



coefficients w /w, where w is the popuation's (weighted) mean reproduction
coefficient and the weights are the resource shares s =X /x. Some firms increase

their resource shares because they have dharacteristics that imply that they have éove
average reproduction while others have daracteristics that imply that their resource
shares deaease. The former are ‘positively seleded’ while the latter are ‘negatively
seleded’ . Thus we are clealy fadng a process of ‘relative aeaive destruction’. We
are, howvever, not necessarily fadng ‘ absolute creative destruction'. If the enployment
of the overall popuation is growing, the firms that are negatively seleded in relative
terms might increase their absolute employment. But when considering credive
destruction, we normally think in terms of the increase and decrease of the asolute
employment of the firms. The reason is that it is the movement of employment away
from wedk firmsthat is most closely related to the social costs of econamic evolution.

The assumption that the reproduction coefficients of firms are influenced by their
characteristics can nav be made explicit. This can be done in terms of reproduction
functions (in biology caled fitness functions™) that are obtained by estimating the
strength of selection by regressng reproduction coefficients on characteristics. Such
reproduction functions may also be cdled selection functions, and they reflect an
important asped of the processof creaive destruction. For simplicity we shall in the
present paper only study the cae where seledion is based ona single dharaderistic,
but it is possble to extend the analysis to multi ple regresson.

Sincewe canna be sure that reproduction functions are straight lines, it is helpful

to think in terms of polynomial regresson:

W =a+pz+yz +e. (1)
The pdynomial in equation (1) describes the reproduction coefficient of a firm as
influenced by its characteristic value z aswell as by adeviationterm & (with amean
of zero). Thisinfluence is described by two coefficients. 3 describes the slope of the
reproduction function and y describes the degreewith which the slope changes with
increasing z. In the present paper emphasis is put on the case where >0 and
y =0. In this case we have positive dirediond seledion. But for some dharacteristics
we have that =0 and y#0. If y<0, then the reproduction function hes a

maximum toward which the seledion presare is moving the firms (stahilising

seledion). Thereby the popuation keepsits mean bu deaesses its variance. If y >0,
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then the reproduction function hes an intermediate minimum from which the seledion
presaure is moving the firms away (disruptive seledion). Thereby the popuation
increases its variance, and in the end it may split up into two popuations. More
complex reproduction functions are daraderised by other combinations of the
coefficients of the quadratic polynomial or by higher-order polynomials.

In the foll owing we shall only consider seledion that takes the form of alinea and
positively sloped reproduction function. Here the more general form of equation (1)
largely serves as a caved: we caind be sure that real seledion is that smple.
However, the linea case might be found when the seledion criterion is the
productivity of firms (or plants)—espedally if we manipulate the selection criterionto
obtain the linea form (e.g. by considering the logarithm of the productivities). Even if
the ignored seledion criteria (like acess to financial resources) and the randam
elements in the process of seledion imply rather large deviations of individual
observations from the reproduction function, the seledion pocess will transform
variance of productivities into change of mean productivity. Therefore, we may start
from a naive picture of the evolutionary process But this is only a start. The
reproduction function is, for instance, describing the ‘performance of firms with
resped to employment, but in the end we have to confront the obvious fact that firms
are not normally competing to maximise employment. There ae many mediating
links between their normal productivity and their change in employment (Metcafe,
1997. Thus the enployment depends on the selection presaure from consumer search
as well as on the prices st by firms. These prices depend onthe price-setting power
of firms as well as on their costs of production. These sts of production depend m
the bargaining power of patential and adua employees as well as on the normal
productivity of the firm. Since dl these links are important and vary aaoss industries
and ower time, it is obvious that there is no simple seledion d firms with resped to
their normal productivities. But it is important to note that the evolution with resped
to productivities does not presuppcse ahigh efficiency of the seledion process Even
a fairly weak covariance between the reproduction coefficients of firms and their
normal productivities may be sufficient to influence the long-term direction d the

evolutionary process

3.2. Partitioning of change in the mean reproduction coefficient

The fact that firms normally have different reproduction d their employment implies
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that a process of seledion is taking place From an evolutionary point of view the
important issue is the relative growth rates: Some firms have charaderistics that imply
that they have growth rates that are @ove average while others have daraderistics
that only allow them below-average growth rates. Thus the former are positively
seleded whil e the latter are negatively seleded. Thus we ae dearly fadng a process
of ‘relative aeative destruction’. We ae, however, na necessarily fadng ‘absolute
credive destruction’. If the employment of the overall popuation is growing, the
firms that are negatively selected in relative terms may increase their absolute
employment. But when considering credive destruction, we normally think in terms
of the increase and deaease of the asolute employment of the firms. The reason is
that it is the movement of employment away from wegk firms that is most closely
related to the social costs of econamic evolution. Therefore, there is a need of
augmenting the standard analysis of relative credive destruction. In the following we

shall seehow this can be dore.

Table 1. Notation for population-level measurement of creative destruction.

Variable Description Definition

Aw change in mean reproduction coefficient w-w

Var(w) variance of reproduction coefficients Z s (W —w)?

E(wAW) expeded value of change in reproduction z SWAW
coefficients

Az change in the mean characteristic Z-z

Var(z) variance of characteristics Z s(z-27°

Cov(w,z) covarianceof reproduction coefficients and z s(W -w)(z -2)
characteristics

B(w,z) regresson d reproduction coefficients on Cov(w,z)/Var(z)
characteristics

E(wAz) expeded value of change in characteristics Z SWAZ

Note: The non-standard subscriptsin the notation for variance and expeded value ae included to
allow for hierarchicd partitioning.

To give a full acoourt for this process we need the aggregate information that is
summarised in table 1. Let us for the moment concentrate on the first threevariables
of table 1 and start with the dhange of the mean reproduction coefficient between one
period and the next period. To explain this change we consider reproduction
coefficients as reflecting a mmbination d intrinsic properties of the firms (e.g. their
‘normal’ productivities) and characteristics of their environment. Then we can

describe the dhange of the in the mean reproduction coefficient Aw as the outcome of
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three dfeds. the seledion d firms with dfferent characteristics, the innowetive
change in these daracteristics, and the dange of the daraderistics of the
environment. The first effed is seledion effed that may be defined as the relative

variance of the reproduction coefficients (Var(w )/w). According to this definition,

seledion is the evolutionary mechanism that assigns reproduction coefficients to the
firms of the pre-seledion popudation. The popuation-level effect of this firm-level
seledion is a change in the mean reproduction coefficient. There are, however, two
additional reasons for this change. First, the environment of the popuation may have
changed so that individual reproduction coefficients as well as the mean reproduction
coefficient are different in the post seledion period. Seaond, the individual firms may
have performed (localised) innowations that influence their reproduction coefficients
and the mean reproduction coefficient. Thus we have to add the combined effed of
environmental change and innowation to the selection effed. For simplicity we shall
cdl this combined effed the innovation effed—although environmental fadors will
often be its dominant determinant.™* This innowation effect is defined as the relative
expeded value of the dhange of the reproduction coefficients (E(wAw )/w).

By means of these definitions it can be proven (see the gpendix of Andersen,
200£) that total evolutionary change can be partitioned in the following way:
Var(w) + E(wAw)

w w
H_/ %/_/
Seledioneffed  Innovation effed

T=Aw= =SF+|F, 2)

This equation (2) tells that the dhange in the mean reproduction coefficient can be
partitioned into a seledion effect and an ‘innovation’ effed. The seledion effect is
denoted S° to indicae that it is defined with resped to a popuation composed of
firms. It describes how the aggregate change is influenced by the differences in the
reproduction coefficients of the first period. S™ is zero if al reproduction coefficients
are equal. The innowtion effect | describes the outcome of the dchanges in the
reproduction coefficients. It is zero if no reproduction coefficient undergoes any
change. Although equation (2) is describing evolutionary change between two
periods, it gives me information d future conditions for evolution. This is most
Fo|F

obvious if we ae fadng a pure selection process (i.e. | =0). For such a

process ST < S since w >w and Var(w) < Var(w).

From equation (2) we may quickly move to the discusson d relative creative
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destruction. To do so we note that half of the seledion effed must come from firms
with deaeasing employment shares. The question is how these firms perform with
resped to the change in their reproduction coefficients. To study this question we start
by splitting the firms into two subpopuations ¢ and d. Firms are members of

subpopuation ¢ that consists of relatively growing (‘credive’) firms if w >w.

Otherwise they are members of the subpopuation d that consists of firms that are
encourtering any degree of relative decline/destruction. Then we split up the firm-
level seledion effect and the firm-level innovation eff ect of equation (2) according to
the membership o these subpopuations:

2w 2w
— —
Credive seledioneffect  Destructive seledion effed

> 1o SWAW > g SWAW CF L F
+ =1 +1;.
w W
N N
Innovation-resporse-to-increae dfed  Innovation-resporse-to-deaesse effed

SF = =5+,

3)

IF_

Let us consider equation (3) from the viewpaint of creative destruction. Here the
important isaue is whether or not the relative decline of firms in the first period is

compensated by growth in the next period. The relative destructive selection effed
S, is a positive ontribution to the total evolutionary effed. The problem is how

relative destruction in the first period is conreded to the innovation-resporse-to-
deaease dfed of the next period. If weakened firms did na react or reacted through a
negative innowation effect, then they would face an irreversible process of dedine.
But they may aso have the posshility of compensating reactions to their weakened
pasition. Thus Schumpeter emphasises that the resporse of wegened firmsis often to
imitate the growing firms. The resporse is even more radicd in Simon's (1982
theory of satisficing behaviour. According to this theory, super-normal performers are
satisfied and do nohing to improve their performance. In contrast, sub-normal
performers are dissatisfied and engage in innovation. Thereby, they may be ale to
improve their pasition. The aucia question for the longterm process of relative
credive destruction is, therefore, whether 17 <1]. This is, of course, an empirica
question, and it is not easy to answer. One of the difficulties is that random fadors
play alarge role in determining growth rates, and therefore we see alarge degree of

‘regresson’ toward mean behaviour.

To include the iswue of absolute creative destruction into ou analysis, we only
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need to change dlightly the @ove procedure. Firms are members of subpopuation C
growing firms if w >1. Otherwise they are members of the subpopuation D that

absolutely dedining. Then we split up the firm-level selection effed and the firm-
level innowetion effect of equation (2) according to the membership of these

subpopuations:
eSW-W N s (w-w)’
SF - ZIDC + iD — F + F’
W W S+
Credive seledion effed Destructive seledion eff ect (4)
IT= Yeswhw o+ Y swhw = g+l

Innovationresporketogrowth effed.  Innovation-resporbeto dedine dfect
Here any subeffed is zero if its subpopuation has no members.

The questions related to equation (4) are more or lessthe same & those related to
equation (3). But now the problem of firing of employees enters into the discusson.
In the long run the @solute destruction effed is obtained by moving employees from
dedining to growing firms. But this movement is ldom a smocoth ore. From the
viewpoint of the moving employees there is often a welfare loss due to temporary
unemployment and loss of socia context. From the viewpoint of the dedining firms
the problem is that the lossof employees may in many ways influence productivity in
a negative way. Thus we encourter not only new reasons for compensating resporses
to dedine but also new difficulties of avoiding vicious circles.

If firms are cmpaosed of plants, the innoation effed of equation (2) may be due to
two dfferent subeffeds. First, the plants (denoted by ij) within a given firm (denoted
by i) may have different reproduction coefficients in the first period. Second, the
plants may change their reproduction coefficients between the first and the second
period. Thus the ‘innovation’ eff ect measured at the level of firms may be partitioned
into afirm-level seledion effect and a plant-level innowation effed. This partitioning
is additive and it may immediately be included into equation (2). As demonstrated by
Andersen (2004, appendix),
va(w) |, EVa(w))  EEwAw)

w W w
Firm-seledion effed Plant-seledioneffed Plant innovation effed

T=Aw= =ST+SP+1°, (5)

This version d the partitioning of the dhange of the mean reproduction coefficient
alows us to consider two levels of sdledion: On the one hand, there is a sdlection

mecdhanism that works at the level of the overall popdation. This medanism
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promotes and demotes the employment of firms. On the other hand, the firm has its
internal selection mecdhanism that promotes and demotes the anployment of plants. If
the firm consists of a single plant or of plants that grow at the same rate, this effed is
zero. But often thisis not the cese.

In the context of firm-and-plant-based growth there is a need of augmenting our
previous analysis of the processof relative and absolute aeative destruction. Let us
concentrate on absolute aedive destruction. Here the task is to define the relevant
subpopuations of firms and dants. On this badkground we may partition the
innowetion eff ects of equation (4):

e =S+l +1o,
15 =S +15.+17,.
Here eab of the innowation effeds within bah incressing and deaeasing firms is
partitioned into a seledion effed and two innowtion effeds. The plant-based

(6)

seledion effects (SE and S) reflect the composition o firms with resped to plants
of supernormal and subnamal reproduction coefficients in the first period. The
innowation effeds (15,15, 15c.155) represent the dhange of the reproduction
coefficients of plants with pasitive and regative reproduction coefficients. The first
letter of the subscripts of these innowation effeds refers to the firm whil e the second
letter refers to the plant.

Let us briefly consider the issaues of absolute credive destruction suggested by
these definitions. The posshbility of declining firms to react by promoting relatively
highly performing plants (S}) depends on the variance of their plants with resped to

growth pdential. Over time this posshility will bewmme exhausted urless new
variance is introduced. It is, therefore, important how the plants of decreasing firms

responds. Here we have to types of resporses: the resporse of their growing plants
(15.) and the resporse of their dedining gdants (17,). In both cases we may

encourter the same resporses as discussed with respect to the readion o firms:
imitation, satisficing behaviour and \icious circles. Thus it bemmes obvious that the
analysis of credive destruction is very complex. At the same time we come much
closer to the redities of ecnamic life than when applying decompositions that are
diredly imported from evolutionary biology. The crucia differenceis that innovation

effects are much more important and complex in econamic evolution than in
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biologicd evolution.

3.3. Partitioning of the growth of produ ctivity

In the previous dion we only studied creative destruction in terms of reproduction
coefficients of the eanployment of firms and dants. This evolutionary meaning of this
analysis can be made eplicit by relating the analysis to evolving charaderistics that
influencethese reproduction coefficients. But as ssonas we do so we have to confront
the obvious fad that firms are not competing to maximise enployment. There are
many mediating links between e.g. their normal productivity and their ‘ performance’
with resped to employment (Metcdfe, 1997. Thus the enployment depends on the
seledion presaure from consumer search as well as on the prices set by firms. These
prices depend on the price-setting power of firms as well as on their costs of
production. These @sts of production depend o the bargaining power of potential
and adua employees as well as onthe normal productivity of the firm. Since al these
links are important and vary acrossindustries and over time, it is obvious that there is
no smple seledion d firms with resped to their normal productivities. But it is
important to nde that the evolution with resped to productiviti es does not presuppcse
a high efficiency of the seledion pocess Even afairly weak covariance between the
reproduction coefficients of firms and their normal productivities may be sufficient to
influencethe long-term diredion d the evolutionary process

When studying the evolving characteristic diredly, we may define total
evolutionary change with resped to a particular characteristic of a popuation as the
change in the mean o the individual values of that characteristic Az. The cdculation
of this and aher variables that include dharaderistics is described in table 1. For

concreteness we shall take the productivities of firms (z) as our example, bu we

shall ignore the difficulties of productivity studies. Instead we note that according to
the definition there is no evolution in the unlikely case where there is no change in
mean productivity but instead a cancdling out of positive and regative dhanges at the
level of firms.

Given that we observe evolutionary change (i.e. Az# 0), the task is to partition it
into a seledion effed and an innovation effect. This partitioning is like that of
equation (2), but we need a more general definition d the two effects. The selection
effed with respect to productivity (or any other charaderistic) is the relative
covariance between the reproduction coefficients and the productivities, i.e.
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Cov(w,z)/w. Acocording to this definition seledion is the cmporent of the

evolutionary process that assgns reproduction coefficients to the firms of the pre
seledion popuation besed on their productivities. For ead member, seledion
determines the relative reproduction coefficient w /w that corresponds to its

productivity z. If there ae differences with respect to prodctivities, then the post

seledion popdation shows a danged structure to the degree that the initial
differences are exploited by selection.

The innovation effed with resped to productivity is the relative mean of the
product of the dange of productivity and the reproduction coefficients, i.e.
E(wAz)/w. According to this definition, the innowetion effed is determined by the

weighted influence of the degree to which the members of the post seledion
popuation have danged their productivities when compared to the pre seledion

popuation. The definition may be rewritten to z S§Az, so the innovation effed is

simply the sum of the changes of productiviti es weighted by the anployment sharesin
post seledion popuiation. In the definition d the innowation effed we ae obviously
using ancther concept of innowation that the one used in neo-Schumpeterian
innovation studies. While innowation in these studies is e as the introduction d a
pasitively evaluated novelty with respect to the overal popuation, we presently apply
a neutral concept of innowetion that covers any kind d locd-level change. It smply
means that something new has occurred with resped to firm-level productivities. Thus
the productivity of individual firms may have increassed or decreased. There ae, of
course, many potential reasons for both negative and paitive values, bu let us
concentrate of the knowledge issue. In this resped productivity change may be
positive becaise of innovation, imitation or learning processes. It might be negative
because the firm does not have an effedive system of reproduction o its knowledge.
Given these definitions of the seledion effed and the innowtion effed, it can be
proven (see the gopendix of Andersen, 2004c) that total evolutionary changeis smply

the sum of the dfeds:

_Cov(w,z) , EwAZ)
W W
Seledion effed Innovation effed

T=Az =S +1F. (7

This is Pricé s equation (identity) that can be derived for any evolutionary processin

biologicd life, econamic life, and elsewhere'? Althowh it has more empiricd
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contents than the previous partitioning of the change in the mean reproduction
coefficient, it can be partitioned in the same way as before.® Thus we may include the
fad that firms consist of plantsto seethat

Cov(w.z) , E(Cov(w;.z)) — EEWAZ))

w w w
Firm-seledion effed Plant-selection effed Plant innovation eff ect

T=Az= :SF+SP+|P. (8)

We may aso make further partitioning of equations (7) and (8) to study absolute
credive destruction like we did in equations (4) and (6).

To discussthe results it is useful to nae that the present seledion effects in terms
of covariances can be epressed as the products of regresson coefficients and
variances—provided that we asume alinea reproduction function (cf. equation (1)).

For instance,

Cov(w,z) _ B(W,27)
s Var(z).

Here the variance Var(z) can be interpreted as the fuel of the seledion process Then
the relative regresson of reproduction coefficients on productivities (B(w,z)/w)

can be interpreted as the efficiency with which this fuel is exploited to bring abou
aggregate productivity change. A similar interpretation can be made for the plant-
seledion effed.

When we study empirical processes of creaive destruction, then it is not only
productivity that evolves. But this fad is no hindrance for performing the type of
analysis that has just been defined. If we study the processof creative destruction in
terms of productivities, we normally make the hypothesis that some part of the adual
change in the distribution d employments across firms (and dants) is due to the
seledion d firms acwrding to their productivities. Thus we make the doulde
asumption that there ae diff erences with resped to productivity and that the mmplex
seledion medianism is grong enough to exploit these differences to lbring abou
increase in aggregate productivity. We may also safely make the hypothesis that some
part of aggregate productivity change is due to innowative productivity changes within
individua firms. But in general we can say littl e of the relative strength of these two

aspeds of the evolutionary process

3.4. Introducing new firms into evometric partitionings

Since Price€s equations (7) and (8) are totally generd, it is not surprising that they
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may foundby dlight rewrites of a many formulas of applied econamies—but here we
also encourter the problem of handling new firms that is not easily integrated into the
logic of evometric analysis. From the new wave of microeconametric studies based on
longitudinal data, we shall take the dready mentioned survey of productivity studies
by Bartelsman and Doms (2000, p. 583see &so Foster et a. 1999.* They emphasise
a partitioning o aggregate productivity change that serves as ‘a framework to
interpret the seamingly disparate findings in the literature’. The re part of this
partitioning refers to the decomposition d productivity change in the set of continuing
plants (i.e. plants that exist at bath t and t').° They (or rather Foster et al., 1998, p.
16) decompose aggregate productivity change from the continuing plants in three

comporents:

Nz=% Ds(z-2) + Hshz + 3 Ashz

Seledion effed Within-plant effed 1~ Within-plant effect 2
9
_Cov(w,z) , EWAZ) _ o, e ©
w W

Seledion effed Innovation eff ect
The first line in equation (9) is Bartelsman and Doms' preferred decomposition.
From the derivations in the gpendix it is easy to seethat the first comporent of
equation (9) is the seledion effed of Prices equation (7). They cal it the ‘between-
plant effed’. The second and third comporents combine to form the innowation effed,

but Bartelsman and Doms argue to keep them distinct. Their within-plant effed 1
(ZsA;) is cdled the ‘within-plant effect’” while they misleadingly call the within-

plant effect 2 (Z AsAz ) ‘a mvarianceterm’ —a better name is the aosseffect.

Although we may quickly derive Price's equation in qute diverse mntexts, it
shoud be emphasised that the data has not normally been handled according to the
logic of evolutionary partitioning. Thisis clear from Bartelsman and Doms’ work, and
the ansequence is that the partitioning in equation (9) is nat redly fully refleding
their work. To be more spedfic, equation (9)’s equalisation d the Bartelsman-Doms
partitioning with Pric€ s decompaosition orly halds if there ae no entering plants in
the industry. However, their partitioning includes comporents for both continuing
plants, entering plants and exiting plants. If we dencte the set of continuing plants by
I, the set of entering plants by J, and the set of exiting plants by K, we may represent
their partitioning of aggregate productivity change in the foll owing way:
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Az= ) Bs(z-2) + ) (§+89)A7 + 5 s(Z-2)-) ,5(2-2-(10

Incumbent seledioneffed  Incumbent innovation eff ect Entry eff ect Exit eff ect

The two added comporents in equation (10) are called the entry effed and the exit
effect. They are very handy, but their inclusion means that the logic behind Prices
equation is lost. The main reason is that the mean productivity is cdculated for all
firms. Therefore, there is no elegant interpretation d the individual comporents as
covariances or expeded values. An apparent solution would be to include the new
effects in the old ores. This works for the eit effea, which can easily be included in

the seledion effeds snce in this case A5 =-s (and my name ‘incumbent selection

effect’ really suggests such an inclusion). However, the entry effed canna be
included. The reason is that we caana define reproduction coefficients for entering
firms (where we would haveto pu a zero in the denominator).

The problem of handling entering firms canna be ignored in the analysis of the
process of creative destruction. Both Schumpeter and many of his present-day
followers in endogenous growth theory and industrial organisation are emphasising
that this processis kept alive by the introduction of innowetions by new firms that
ultimately displace incumbent firms. Some reseachers (like Caroll and Hannan,
1999 even suggest that evolutionary analysis can largely be performed in terms of a
demography of firms that concentrates on ‘vital statistics', i.e. the entry and exit
events. This suggestion represents no fundamental problem for evometrics as long as
any entrant can be @nnected to a member of the incumbent popuation. But the logic
of seledion and innovation that has been described in the present paper canna work
withou the spedfication d such relationships (Price, 1995.

There are two complementary solutions to the problem of including new firmsinto
evometric analysis. The first solution is to accet Schumpeter's idea that they
represent genuine bregks with the past. In this case we have to handle new firmsin an
ad hac manner like in equation (10). This means that the degant parts of evometrics
can ony be gplied to the incumbent popuation of firms. Since such a popuation
may contain a mix of relatively new and relatively old firms, we are still able to most
of the red-life processs of creative destruction. But we ladk a full treatment of the
process The second solution is to consider entrants as representing less novelty than
asumed by Schumpeter. The most obvious case is when new firms can be considered

as in-offs of old firms. In this case the employment of a spin-off is included in the
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cdculation d the reproduction coefficient of its mother firm. To alow for this
inclusion we often need qute detail ed information onthe foundng o firms (Klepper
2002. In pradice, the two solutions to the problem of handling new firms are gplied
in paralel, bu there is a need of recognising that the mixing of different logics is
likely to creade some confusion for evolutionary interpretations of available

microstudies and for the general analysis of creaive destruction.

4. Conclusion

It was only late in his career that Schumpeter coined the @ncept of ‘credive
destruction’, bu this concept efficiently points to core apeds of his vison d
cgpitalist eamnamic evolution. The present paper has demonstrated that the process of
credive destruction can be handed efficiently by a set of methods for quantitative
evolutionary econamics. These descriptive methods are alled evometrics, and their
starting point is the partitioning of evolutionary change into seledion effects and
innowetion effeds. On the badkground d this evometrics it becomes clear that what
Schumpeter needed for the development of his concept of creative destruction and the
formulation d testable hypotheses was gatisticd tools for partitioning the aggregate
eff ects of evolution in terms of the underlying population dynamics. This partitioning
provides the basis for a clear-cut interpretation of credive destruction—both as a

simple and as a multi-level process

Notes

! Cantner and Kriiger (2004) have recently suggested that the toolbox for applied evolutionary
eonomics ould be cdled ‘evolumetrics'. This suggestion is based on their attempt to systematise
different contributions to applied evolutionary economics. For the moment | shall, however, stick to the
name ‘evometrics' . The main reason is that this name emphasi ses the relationship to biometrics, which
is gill the dominant contributor to the development of measurements and analyses of evolution. But it
should be amphasised that a name is just a @nvention, and in the long run the evolving naming
convention will determine whether the toolbox will be cdled ‘evolumetrics, ‘evometrics', or
something el se.

2 Theterm ‘credive destruction’ is only used in Schumpeter (1950, chs 6-7).

% An extensive discussion of the Nietzschean background of the cncept of creaive destruction is found
in Reinert and Reinert (forthcoming). There is al'so a badground in classicd and historicd eamnomics
(seeElliott, 1980 Streisder, 1994).

* This sheme is found throughaut Schumpeter’s (1934 1939; 195Q etc.) works. His terminology was,
however, changing. The term economic evolution was not systematicdly used to describe the overall
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process of waveform capitalist change until Business Cycles (Schumpeter, 1939. Andersen (2002
explores the revolutionising of the e@nomic system by means of railways (‘rail roadizaion’) during the
nineteenth century as Schumpeter’s sandard example of credive destruction.

® Schumpeter's sheme asumes a sequence of equilibria that is sldom found in redity. Here
innovation also takes place in relatively disequilibrated environments, and thus the system never
bemmes fully routinised. This was recognised by Schumpeter (1939).

® Philli ps (1971) introduced the distinction between Schumpeter Mark | and Schumpeter Mark 1.
Although Schumpeter (1950 extensively discussed his Mark 1l model of creaive destruction, he never
treaed it systematicdly. For instance, it seems primarily on the badground o his Mark | scheme of
credive destruction that we should understand the dtack on standard econometrics found in one of
Schumpeter’s last contributions. Here he enphasised the need of overcoming what he considered to be
‘the most serious shortcoming of modern business-cycle studies’, namely ‘that nobody seems to
understand or even to care predsely how industries and individual firms raise and fall and how their
raise and fall affects the aggregates (Schumpeter, 1949 p. 329). In retrosped, we may say that
Schumpeter asked economic theorists and econometricians to include into their studies the shifting
balance between the effeds of innovation and seledion during relatively long businesscycles. But he
did not know how to spedfy his requirements.

" To some researchers creaive destruction is one of Schumpeter’s many hypotheses that should be
dismissed as empiricdly false, so that only a very lose Schumpeterian inspiration remains (Reisman,
2004 s. 270f.). To ather reseachers‘ credive destruction’ isa‘careless dogan’ that should be replaced
with Schumpeter's idea of creaive response (Helmstédter and Perlman, 1996 p. 1), and these
formulations might relate to the ambiguous results obtained in empiricd studies of processes of
credive destruction (e.g. Andreutsch and Fritsch, 1996. In the same vein, Arena and Dangel-Hagnauer
(2002, pp. 14 f.) suggests that ‘Schumpeter's theory of competition depicts a process of self-
organisation and self-reinforcement rather than a processof elimination’ and thus we cannot argue ‘that
the evolutionary nature of Schumpeter’s theory derives from his conception of “credive destruction”.’
However, there ae other reseachers that Schumpeter’s main contribution to be his emphasis on
credive destruction through negative external effeds, i.e. business deding effeds (Streissler, 199, p.
22). It should also be noted that Perlman (1995 in another paper accets the concept of credive
destruction as representing innovative monopdi stic competition.

8 Hirschman (1958 pp. 57-61) discusses the effect of different types of internalisation of the wsts of
credive destruction for evolution and growth.

® This analysis is inspired by George Price & emphasised by Frank (1995 1998) and Andersen (2003
2004g; 2004b; 2004c). Metcalfe (2002 p. 90) has remarked that ‘[flor some yeas now evolutionary
emnomists have been using the Price equation without redising it’ and similar statements are made in
a more developed form by Knudsen (forthcoming). Such statements hold for Metcdfe's (1998; 2001)
contributions to a satisticdly oriented evolutionary economics and for the discusson of group
seledion within evolutionary game theory (Bowles, 2004 ch. 13), but they also have some truth for
Nelson and Winter's (1982 pioneeing contribution to the field. Even in applied economics with no
evolutionary pretensions, we find a groping toward a general evometrics.

19 Conner and Hartl (2004 ch. 6) give basic description of the issues and formalisms involved in the
analysis of quantitative fitness functions.

" Fisher's (1999 formal analysis of evolution did not include this effed, and thereby much confusion
arose aout his fundamental theorem of natural seledion (see Price, 1972b; Frank, 1997). However,
Fisher (199, p. 41-42) treaed the dfed verbally and cdled it the ‘deterioration of the environment’.
Hereby he emphasised that the increase in mean fitness due to the promotion of individuals with the
‘best’ charaderistics cannot in the long run imply an expansion of the whole population (the spedes or
the industry). Thus the individual reproduction coefficients cannot be the same in the second period as
they werein the first period.

12 See Price (1970, 1972a) and Frank (1998. Frank demonstrates that a large number of evolutionary
problems can be darified by means of Price€'s equation. He also gives a derivation of Price s equation
(Frank 1995 1998, pp. 13-15)
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13 1t was Hamilton (1996 pp. 332-337) who in 1975 made the first systematic application of Price's
equation for studying the combined effeds of group-level seledion and individual-level seledion.
Later applications are cwvered by Sober and Wilson (1998) and Henrich (2004). A deger question is
that istreaed by means of Price s expanded equation is how individual seledion at one level promotes
the evolutionary transition to organisational solutions at the next higher level (Michod, 1999).

14 Nelson's (1981) survey of productivity studies emphasised the Schumpeterian ideas of heterogeneity
and ingtitutional creaive destruction, but it does not apply the methods for decompaosition implicit in
his and Winter's theoreticd work. The reason for this omission is probably to some ectent that
longitudinal microdata were missing at the time he was writing, but it is was hardly necessary that we
had to wait 20 yeas before another survey could conclude in a way that ‘echoes Nelson's ... ealier
analysis’ and emphasises that ‘it can now be aldresed better quantitatively’ (Bartelsman and Doms
200Q p. 591).

13 Actually, they refer not to productivity but to the natural logarithm of total facor productivity.
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