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ABSTRACT/RESUME

This paper provides a synthesis of what is known about the determinants of output growth based
on studying microeconomic data sets. It starts with a summary of the theoretical explanations which help
reconcile heterogeneous performance observed across establishments in the same sector. The related
theoretical literature on creative destruction models of growth is aso discussed. This is followed by a
review of the recent empirical literature on the relationship between microeconomic and macroeconomic
productivity growth. The fina section discusses the main empirical findings, the caveats of interpretation
and the main issues of interpretation underlying the relationship between reallocation and growth.

JEL classification: D24, 012

Keywords: Industry productivity, reallocation, establishment level data
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Ce papier document une synthese de I’ état des connaissances des déterminants de la croissance
sur la base de I'éude de données microéconomiques. 1| commence par un résumé des explications
théoriques aidant a expliquer |’ existence des performances hétérogénes observées entre les établissements
au sein d’ un méme secteur. Lallittérature théorique correspondante sur les modél es de destruction créatrice
est également discutée. Suit une revue de la littérature empirique récente a propos des relations entre la
croissance de la productivité aux niveaux microéconomique e macroéconomique. La derniére section
discute des principaux constats empiriques, les problémes d’interprétation sous-jacents a la relation entre
réall ocation et croissance.
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AGGREGATE GROWTH: WHAT HAVE WE LEARNED FROM
MICROECONOMIC EVIDENCE?

John Haltiwanger

1. Overview

1 Recent research using establishment and firm level data has raised a variety of conceptual and
measurement questions regarding our understanding of aggregate growth.? Several key, related findings are
of interest. Firgt, in a well functioning market economy, there is large-scale, ongoing reallocation of
outputs and inputs across individua producers. Second, the pace of this reallocation varies over time (both
secularly and cyclically) and across sectors. Third, much of this reallocation reflects within rather than
between-sector reallocation. Fourth, there are large differentias in the levels and the rates of growth of
productivity across establishments within the same sector. The rapid pace of output and input reallocation
along with differences in productivity levels and growth rates are the necessary ingredients for the pace of
reallocation to play an important role in aggregate productivity growth. Indeed, the core finding in the
recent empirical literature exploring micro datasets to look at questions of aggregate growth is that
reallocation does contribute significantly to aggregate productivity growth. For example, for the
US manufacturing sector, roughly half of total factor productivity growth over the course of a decade can
be accounted for by the reallocation of outputs and inputs away from less productive to more productive
businesses.

2. That redlocation contributes positively to growth is precisely what one would hope and expect
from a hedthy, dynamic market economy. Of course, the idea that productivity growth in a market
economy invariably involves restructuring and realocation across producers is not new. For example,
Schumpeter (p. 83, 1942) coined the term, “ creative destruction”, which he described as follows:

“The fundamental impulse that keeps the capital engine in motion comes from the new
consumers goods, the new methods of production and transportation, the new markets..[ The
process| incessantly revolutionizes from within, incessantly destroying the old one, incessantly
creating a new one. This process of Creative Destruction is the essential fact of capitalism.”

1. University of Maryland, Bureau of the Census, and NBER. The analyses and results presented in this paper
are attributable to the author and do not necessarily reflect concurrence by the U.S. Bureau of the Census.

2. Empirical papers of relevance that focus on the connection between aggregate and micro productivity
growth include: i) for the United States: Baily etal. (1992); Baily etal. (1996, 1997); Bartelsman and
Dhrymes (1994); Foster et al. (2000); Dwyer (1995, 1997); Haltiwanger (1997); and Olley and Pakes
(1996); ii) for other countries: Tybout (1996); Aw et al. (1997); Liu and Tybout (1996); and Griliches and
Regev (1995). Much of this paper draws heavily from Haltiwanger (1997); Davis and Haltiwanger (1999);
and Foster et al. (2000).
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3. However, what is new in the emerging empirical literature is the growing availability of
longitudinal establishment level data that permit characterisation and analysis of the reallocation across
individual producers within narrowly defined sectors and, in turn, the connection of this reallocation to
aggregate productivity growth. From these new datasets striking findings have emerged. An especialy
striking aspect of these finding are the respective magnitudes - the magnitude of the reallocation within
narrowly defined sectors, the magnitude of the productivity differences that seemingly occur across
businesses in the same narrowly defined sector and the resulting magnitude of the contribution of
reallocation to growth.

4, In spite of these striking findings, it would be wrong to conclude immediately that economies that
exhibit a greater pace of reallocation are inherently more efficient. It would also be wrong to suspect an
immediate prediction of a simple monotonic empirical relationship between the pace of reallocation and
economic growth. If nothing else, different economies (across time or country) may be experiencing
different aggregate and structural shocks. Moreover, even in response to the same shocks, economies may
differ fundamentally in the nature of their market structure and ingtitutions. In this vein, there are many
theoretical reasons why one might suspect that either the magnitude or the timing or the nature of the
realocation process might be inefficient (see, e.g. Caballero and Hammour, 2000) due to market
imperfections and/or market institutions. Moreover, while the evidence suggests that reallocation does
contribute positively to growth, there are various indicators of inefficiencies in the pace and timing of
reallocation.

5. The paper proceeds as follows. In Section 2, a summary of theories that can account for the
observed heterogeneous fortunes across establishments in the same narrowly defined sector is provided. In
addition, the related theoretical literature on creative destruction models of growth is discussed. This brief
discussion of theoretica underpinnings is of considerable help in putting the results on the relationship
between micro and macro productivity growth into perspective. In Section 3, a review and synthesis of the
recent empirical literature is presented. Section 4 contains some discussion of caveats and questions and
results that raise questions about the connection between reallocation and growth. Section 5 provides
concluding remarks.

2. Theor etical under pinnings

6. This section draws together theories and evidence related to the reasons for cross-sectional
heterogeneity in establishment-level and firm-level outcomes. A pervasive empirical finding in the recent
literature is that within-sector differences dwarf between sector differences in behaviour. For example,
Haltiwanger (Table 1, 1997) shows that 4-digit industry effects account for less than 10 per cent of the
cross-sectiona heterogeneity in output, employment, capital equipment, capital structures, and productivity
growth rates across establishments.

7. The magnitude of within-sector heterogeneity implies that idiosyncratic factors dominate the
determination of which establishments create and destroy jobs and which establishments achieve rapid
productivity growth or suffer productivity declines. An examination of the literature suggests that the
following may account for establishment-level heterogeneity: uncertainty; establishment-level differences
in managerial ability, capital vintage, location and disturbances; and diffusion of knowledge. Starting with
the first of these, one likely reason for heterogeneity in establishment-level outcomes is the considerable
uncertainty that surrounds the development, adoption, distribution, marketing and regulation of new
products and production techniques. Uncertainty about the demand for new products or the
cost-effectiveness of aternative technologies encourages firms to experiment with different technologies,
goods and production facilities (Roberts and Weitzman, 1981). Experimentation, in turn, generates
differences in outcomes (Jovanovic, 1982; and Ericson and Pakes, 1989). Even when incentives for
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experimentation are absent, uncertainty about future cost or demand conditions encourages firms to
differentiate their choice of current products and technology so as to optimally position themselves for
possible future circumstances (Lambson, 1991).

8. Another possible reason is that differences in entrepreneurial and managerial ability lead to
differencesin job and productivity growth rates among firms and establishments. These differences include
the ability to identify and develop new products, to organise production activity, to motivate workers, and
to adapt to changing circumstances. There seems little doubt that these and other ability differences among
managers generate much of the observed heterogeneity in establishment-level outcomes. Business
magazines, newspapers and academic case studies (e.g. Dia and Murphy, 1995) regularly portray the
decisions and actions of particular management teams or individuals as crucial determinants of success or
failure. High levels of compensation, often heavily skewed toward various forms of incentive pay
(Murphy, 1997), also suggest that senior managers play key roles in business performance, including
productivity and job growth outcomes.® A related idea is that it takes time for new businesses to learn
about their abilities.

9. Other factors that drive heterogeneity in establishment-level productivity, output and input
growth outcomes involve establishment - and firm-specific location and disturbances. For example, energy
costs and labour costs vary across locations, and so do the timing of changes in factor costs. Cost
differences induce different employment and investment decisions among otherwise similar establishments
and firms. These decisions, in addition, influence the size and type of labour force and capital stock that a
business carries into the future. Thus, current differences in cost and demand conditions induce
contemporaneous heterogeneity in establishment-level job and productivity growth, and they aso cause
businesses to differentiate themselves in ways that lead to heterogeneous responses to common shocks in
the future. The role of establishment-specific shocks to technology, factor costs and product demand in
accounting for the pace of job realocation has been explored in Hopenhayn (1992), Hopenhayn and
Rogerson (1993), and Campbell (1997).

10. Slow diffusion of information about technology, distribution channels, marketing strategies, and
consumer tastes is another important source of establishment-level heterogeneity in productivity and job
growth. Nasbeth and Ray (1974) and Rogers (1983) document multi-year lags in the diffusion of
knowledge about new technologies among firms producing related products. Mansfield et al. (1981) and
Pakes and Schankerman (1984) provide evidence of long imitation and product devel opment lags.*

11. Part of the differences across establishments may reflect the vintage of the installed capital.”
Suppose, for example, that new technology can only be adopted by new establishments. Under this view,
entering technologically sophisticated establishments displace older, outmoded establishments and gross
output and input flows reflect a process of creative destruction. A related idea is that it may not be the
vintage of the capital but rather the vintage of the manager or the organisational structure that induces
establishment-level heterogeneity (see, e.g. Nelson and Winter, 1982).

3. Many economic analyses attribute a key role to manageria ability in the organisation of firms and
production units. Lucas (1977), for example, provides an early and influential formal treatment.

4, Knowledge diffusion plays a key role in many theories of firm-level dynamics, industrial evolution,
economic growth and internationa trade. See, for example, Grossman and Helpman (1991); Jovanovic and
Rob (1989); and Jovanovic and MacDonald (1994).

5. See Aghion and Howitt (1992); Caballero and Hammour (1994, 1996); Campbell (1997); Stein (1997);
Cooley et al. (1996); and Chari and Hopenhayn (1991).
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12. These models of establishment-level heterogeneity are closely related to the theoretical growth
models emphasising the role of creative destruction. Creative destruction models of economic growth
stress that the process of adopting new products and new processes inherently involves the destruction of
old products and processes. Creative destruction manifests itself in many forms. An important paper that
formalises these ideas is Aghion and Howitt (1992). They consider a model of endogenous growth where
endogenous innovations yield creative destruction. Specifically, the creator of a nhew innovation gets some
monopoly rents until the next innovation comes along at which point the knowledge underlying the rents
becomes obsolete. The incentives for investment in R& D and thus growth are impacted by this process of
creative destruction.’®

13. An aternative but related type of creative destruction growth model mentioned above as a source
of establishment-level heterogeneity is the vintage capital model. One form of these models (Caballero and
Hammour, 1994; and Campbell, 1997) emphasises the potential role of entry and exit. If new technology
can only be adopted by new establishments, growth occurs only via entry and exit, and this requires output
and input reallocation. An alternative view is that new technology is embodied in new capita (e.g. Cooper,
etal., 1997), but that existing establishments can adopt new technology by retooling. Under this latter
view, both within-establishment and between-establishment job reallocation may be induced in the
retooling process. If, for example, there is skill biased technical change, the adoption of new technology
through retooling will yield a change in the desired mix of skilled workers at an establishment. In addition,
there may be an impact on the overall desired level of employment at the establishment.

14. In al of these creative destruction models, the reallocation of outputs and inputs across producers
plays a critical role in economic growth. In these models, stifling reallocation stifles growth. It isimportant
to emphasise, however, that there are many forces that may cause growth and the pace of reallocation to
deviate from optimal outcomes. As mentioned above in the context of Aghion and Howitt (1992), a generic
problem is that agents (firms, innovators, workers) do not internalise the impact of their actions on others.
In an analogous manner, Caballero and Hammour (1996) emphasise that the sunkness of investment in
new capital implies potential ex post hold-up problems that yield several harmful side effects. They
explore the hold-up problem generated by worker-firm bargaining over wages after the firm's investment in
specific capital.” One of the interesting aspects of their analysis is that it yields predictions about the
patterns of reallocation that will emerge in efficient and inefficient environments. One prediction is quite
intuitive and relatively easy to evaluate: economies with efficient reallocation should exhibit simultaneous
creation and destruction - observation of a long lag between an increase in destruction and creation is a
sign typically that market imperfections and/or ingtitutional factors are distorting the process.

6. Growth may be more or less than optimal since there are effects that work in opposite directions. On the
one hand, appropriability and intertemporal spillover effects make growth slower than optimal. The
appropriability effect derives from the fact that, in their model, research on new innovations requires
skilled labour as does the production of the intermediate goods where new innovations are implemented. A
fixed supply of skilled labour implies that skilled labour earns part of the returns from new innovations.
The inability of the research firms to capture al of the value from the innovations reduces their incentives
to conduct research. The intertemporal spillover effect derives from the fact that current and future
innovators derive benefits (i.e. knowledge) from past innovations but do not compensate past innovators
for this benefit. The fact that private research firms do not internalise the destruction of rents generated by
their innovation works in the opposite direction. This business stealing effect can actually yield too high a
growth rate. They aso find, however, that the business stealing effect also tends to make innovations too
small.

7. Indeed, Blanchard and Kremer (1997) argue that for transition economies, such hold-up problems are
potentially severe enough that the restructuring process is better described as “disruptive destruction”
rather than creative destruction.
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15. A related point is that, even though reallocation may be vital for growth, there are clearly losers
in the process. The losers include the owners of the outmoded businesses that fail as well as the displaced
workers. This observation isimportant in its own right but also potentialy related to sources of distortions
in the pace of reallocation. One question is whether markets are incomplete in terms of insurance and
related contingent claims - the inability of losersin this process to insure against idiosyncratic risks can be
a source of distortion. Moreover, the incompleteness of markets generates pressures for institutional
intervention to overcome the market limitations. Put differently, barriers to the reallocation process can
emerge through a variety of interventions in product, labour, trade, and credit markets that are rationalised
in terms of protecting against the potential losses to those that would be adversely affected in the
reallocation process.

3. Review of existing empirical evidence

16. The theoretical literature on creative destruction as well as the underlying theories of
heterogeneity characterise technological change as a hoisy, complex process with considerable
experimentation (in terms of entry and retooling) and failure (in terms of contraction and exit) playing
integral roles. In this section, we review the evidence from the recent empirical literature that has
developed in parallel with the theoretical literature. We conduct this review in two parts: first, we provide a
brief review of the micro patterns of output, input and productivity growth; second, we consider the
aggregate implications of these micro patterns. Our review of micro patterns is brief since we regard the
results discussed in this section as well-established and there are excellent recent survey articles by
Bartelsman and Doms (1997) and Caves (1997) that cover much of the same material in more detail.
Moreover, it is the aggregate consequences of these micro patterns that are more open to debate and there
are a number of measurement/conceptual issues that generate the variation that is found across studies on
this dimension.

31 Brief review of key micro patterns

17. We begin our review by briefly summarising a few key patterns that have become
well-established in this literature. They are:

18. Large-scale reallocation of outputs and inputs within sectors. The rate of within-sector
reallocation of output and inputs is of great magnitude. Davis and Haltiwanger (1999) summarise much of
the recent literature on gross job flows; they note that in the United States, more that one in tenjobs is
created in a given year and more than one in ten jobs is destroyed every year. Similar patterns hold for
many other market economies. Much of this realocation reflects realocation within narrowly defined
sectors. For example, Davis and Hatiwanger (1999) report that across a variety of studies only about
10 per cent of reallocation reflects shifts of employment opportunities across 4-digit industries.

19. It isimportant to emphasise that it is not only labour that is being reallocated. Thereis large-scae
output and capital realocation accompanying (or perhaps in some cases subgtituting for) the labour
reallocation. Table 1 reports tabulations from Foster et al. (2000) with estimates of the gross expansion and
contraction rates of employment, output and capita (structures and equipment) over the 1977-87 period for
US manufacturing. The rates of output and input expansion (contraction) are measured as the weighted
average of the growth rates of expanding (contracting) establishments including the contribution of
entering (exiting) establishments using the methodology of Davis et al. (1996). The pace of gross output

8. This methodology entails defining establishment-level growth rates as the change divided by the average of
the base and end year variable. The advantage of this growth rate measure is that it is symmetric for

8
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and input expansion and contraction is extremely large over the ten-year horizon. Expanding
establishments yielded a gross rate of expansion of more than 40 per cent of outputs and inputs and
contracting establishments yielded a gross rate of contraction in excess of 30 per cent of outputs and
inputs. Net growth rate of output is higher than that of inputs (especially employment) reflecting the
productivity growth over this period. A large fraction of the output and input gross creation from
expanding establishments came from entry and a large fraction of the output and input gross destruction
came from exit.

20. Table 1 also includes the fraction of excess reallocation within 4-digit industries in each of these
industries. Excess reallocation is the sum of gross expansion and contraction rates less the absolute value
of net change for the sector. Thus, excess reallocation reflects the gross reallocation (expansion plus
contraction) that isin excess of that required to accommodate the net expansion of the sector. Following
Davis et al. (1996) (see pages 52 and 53 for a description of the methodology) excess reallocation rates at
the total manufacturing level can be decomposed into within and between-sector effects. The far right
column of Table 1 indicates that most of the excess reallocation at the total manufacturing level reflects
excess reallocation within 4-digit industries. Thus, the implied large shifts in the allocation of employment,
output and capital are primarily among producers in the same 4-digit industry.

21. Entry and exit play a significant role in this process of reallocation. For annual changes, Davis
et al. (1996) report that about 20 per cent of job destruction and 15 per cent of job creation is accounted for
by entry and exit. For five-year changes, Baldwin et al. (1995) report that about 40 per cent of creation and
destruction are accounted for by entry and exit, respectively.’

22. Persistent differences in levels of productivity. There are large and persistent differences in
productivity across establishments in the same industry (see Bartelsman and Doms, 1997) for an excellent
discussion). The differences themselves are large - for total factor productivity the ratio of the productivity
level for the plant at the 75™ percentile to the plant at the 5" percentile in the same industry is 2.4 (this is
the average across industries) - the equivaent ratio for labour productivity is 3.5. In analysing persistence,
many studies report transition matrices of establishments in the relative productivity distribution within
narrowly defined industries (see, e.g. Baily etal., 1992; and Bartelsman and Dhrymes, 1994). These
transition matrices exhibit large diagonal and near-diagonal elements indicating that establishments that are
high in the distribution in one period tend to stay high in the distribution in subsequent periods. In contrast,
establishment-level productivity growth rates exhibit an important transitory component. Baily et al.
(1992) and Dwyer (1995) present strong evidence of regression to the mean effects in productivity growth
regressions.

23. Low productivity helps predict exit: Many studies (e.g. Baily et al., 1992; Olley and Pakes, 1996;
and Dwyer, 1995) find that the productivity level helps predict exit. Low productivity establishments are
more likely to exit even after controlling for other factors such as establishment size and age. A related set
of findings is that observable establishment characteristics are positively correlated with productivity
including size, age, wages, adoption of advanced technologies, and exporting (see, e.g. Baily et al., 1992;
Doms et al., 1996; Olley and Pakes, 1996; and Bernard and Jensen, 1995). It has been more difficult to
find correlates of changes in productivity. For example, Doms et al. (1996) find that establishments that

positive and negative changes and alows for an integrated treatment of entering and exiting
establishments.

9. The calculations in Baldwin et al. (1995) are an updated version of earlier calculations by Dunne et al.
(1989). The five-year gross flows and the shares accounted for by entry and exit are somewhat lower in the
later work for equivalent periods reflecting the improvement in longitudinal linkages in the Census of
Manufacturers over time.
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have adopted advanced technologies are more likely to be high productivity establishments but that the
changein productivity is only weakly related to the adoption of such advanced technologies.

3.2 Reallocation and aggregate productivity growth

24, Empirical analysis of the implications of the pace of realocation and restructuring for
productivity dynamics has been recently provided by Baily etal. (1992), Olley and Pakes (1996),
Bartelsman and Dhrymes (1994), Dwyer (1995, 1997), Haltiwanger (1997), and Foster et al. (2000) using
establishment-level manufacturing data from the United States; Aw et al. (1997) using firm-level datafrom
Taiwan; Tybout (1996) and Liu and Tybout (1996) using data from Columbia, Chile, and Morocco; and
Griliches and Regev (1995) using data from Israel.’° Virtualy al of the studies consider some form of
decomposition of an index of industry-level productivity:

P:= ZEDISprgt [1]

here Pj; is the index of industry productivity, sg is the share of establishment e in industry i (e.g. output
share), and pet is an index of establishment-level productivity.

321 Measurement methodol ogy

25. The results that one obtains from decomposing [1] do turn out to be sensitive on some
dimensions to measurement methodology. To illustrate the sensitivity to measurement methodology, two
aternative decomposition methodologies are considered. The first decomposition method (denoted
metlrlwod 1in what follows) considered is a modified version of that used by Baily et al. (1992) and is given
by:

Ap,= ZeD(,‘SeZIApcr + Y (pm P )Dse + zgm(rApc,ASez
[2]
TS o Set (Do Pitt) Y enix Seti ( Py Pirt)

where C denotes continuing establishments, N denotes entering establishments, and X denotes exiting
establishments. The first term in this decomposition represents a within-establishment component based on
establishment-level changes, weighted by initial shares in the industry. The second term represents a
between-establishment component that reflects changing shares, weighted by the deviation of initia
establishment productivity from the initial industry index. The third term represents a cross

10. Baldwin (1995) presents some related analysis of the contribution of establishment turnover to productivity
growth for Canada but his methodology differs sufficiently from the rest of the literature that it is not easy
to integrate hiswork into this discussion.

11. The first term in this decomposition (the “within component”) is identical to that in Baily et al. (1992).
They essentially combined the second two terms by calculating a term based upon the sum of changesin
shares of activity weighted by ending period productivity. In addition, they did not deviate the termsin the
between and net entry terms from initial levels. As Haltiwanger (1997) points out, this implies that even if
all establishments have the same productivity in both beginning and end periods, the between component
and the net entry component in the Baily et al. (1992) decomposition will, in general, be non-zero. See
Haltiwanger (1997) for further discussion.

10
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(i.e. covariance-type) term. The last two terms represent the contribution of entering and exiting
establishments, respectively.

26. In this decomposition, the between-establishment term and the entry and exit terms involve
deviations of establishment-level productivity from the initial industry index. For a continuing
establishment, this implies that an increase in its share contributes positively to the between-establishment
component only if the establishment has higher productivity than average initial productivity for the
industry. Similarly, an exiting establishment contributes positively only if the establishment exhibits
productivity lower than the initial average, and an entering establishment contributes positively only if the
establishment has higher productivity than the initial average.

27. This decomposition differs somewhat from others that have appeared in the literature in some
subtle but important ways. Key distinguishing features of the decomposition used here are: i) an integrated
treatment of entry/exit and continuing establishments; ii) separating out within and between effects from
cross/covariance effects. Some of the decompositions that appear in the literature are more difficult to
interpret because they do not separate out cross/covariance effects. For example, some measure the within
effect as the change in productivity weighted by average shares (in t and t-k - see method 2 below). While
the latter method yields a seemingly cleaner decomposition, it also alows the within effect to partially
reflect redlocation effects since it incorporates the share in period t. Another problem is in the treatment
of net entry. Some of the decompositions in the literature that consider net entry measure the contribution
of net entry via the simple difference between the weighted average of entrants and exiting establishments
productivity. Even if there are no differences in productivity between entering and exiting establishments,
this method yields the inference that net entry contributes positively to an increase (decrease) in
productivity growth if the share of entrants is greater (less than) the share of exiting establishments. There
are related (and offsetting) problemsin the treatment of the contribution of continuing establishments.

28. While this first method is our preferred decomposition, it is worthwhile to consider an alternative
decomposition closely related to that used by Griliches and Regev (1995). Consider, in particular, the
following alternative decomposition (denoted method 2 in the remainder of this paper):

APit = ZCD( SeA P + ZCD( (pcPi)ASel
[3]
T Y e Set (Do Pi) Y ey Seu (Do Pi)

where abar over avariable indicates the average of the variable over the base and end year. In this
decomposition, the first term is interpretable as a within effect that is measured as the weighted sum of
productivity with the weights equa to the average (across time) shares. The second is interpretable as a
between effect where the changes in the shares are indexed by the deviations of the average establishment
level productivity from the overall industry average. In a like manner, the net entry terms are such that
entry contributes positively as long as entering establishments are higher than the overal average and
exiting establishments are lower than the overall average.

29. This second decomposition method is a modification of the standard within/between
decomposition that is often used for balanced panels. The disadvantage of this method is that the measured
within effect will now reflect in part cross/covariance effects (as will the measured between effect).
However, this second method is apt to be less sensitive to measurement error in outputs or inputs relative
to the first method as shown in equation [2]. Suppose, for example, we are considering labour productivity
(e.g. output per man-hour) and that there is random measurement error in measured man-hours.
Measurement error of this type will imply that establishments in a given period with spuriously high
measured man-hours will have spuriously low measured productivity. Such measurement error will yield a

11
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negative covariance between changes in productivity and changes in shares (measured in terms of
man-hours) and a spuriousy high within-establishment effect under method 1. In a similar manner,
consider the decomposition of multi-factor productivity using output weights. Random measurement error
in output will yield a positive covariance between productivity changes and changes in shares and a
spuriously low within-establishment effect under method 1. In contrast, the measured within effect from
method 2 will be less sensitive to random measurement error in output or inputs since the averaging across
time of the shares will mitigate the influence of measurement error.™

30. Which method should be preferred? Absent measurement error, method 1 is clearly the preferred
method since it offers more detail and al of the terms are readily interpretable (there is not a confounding
of reallocation and within effects in the “within” term). Nevertheless, concerns about measurement error
are non-trivial. The latter concerns are likely to be especialy of concern for analyses using high frequency
data where output and employment growth rates are apt to be especially noisy.

3L In reviewing evidence in the next section, we restrict ourselves to comparing the components of
the evidence that use sufficiently similar methodology to permit a reasonable comparison. As will become
clear, this implies that for many studies we do not have and cannot compare all of the terms in the above
decompositions.

3.2.2 The evidence

32. Using establishment-level data, the industry index and its components can be constructed for
measures of labour and multi-factor productivity. Many studies have used something analogous to one of
the methodologies above to decompose the time series changes in aggregate (i.e. industry-level)
productivity into components that reflect a within component (holding shares fixed in some manner) and
other effects that reflect the reallocation of the shares across establishments including the impact of entry
and exit. Table 2 presents a summary of results from a variety of studies using different countries, time
periods, frequency of measured changes, productivity concepts (i.e. multi-factor vs. labour) and
measurement methodologies (see the discussion in the prior subsection).”® The differences along these
many dimensions make fine comparisons difficult so the objective in considering the alternative studies is
to consider broad patterns. In the next section, some of these methodol ogical issues are considered in more
detail. For now, an attempt is made to compare studies on dimensions that are relatively easy to compare.

33. One core aspect that is roughly comparable across studies is the contribution of the within
establishment contribution to aggregate productivity growth. Even for this measure, there are differencesin
the methodology along a number of dimensions. These include whether the measure of productivity is
multi-factor or labour, whether the share is based on output or employment weights, and whether the share
is based on the initial share at the base period or the average share (averaged over base and end period).
The latter difference often reflects a study using method 1 vs. method 2 in the analysis.

34. The fraction of within-establishment contribution to multi-factor productivity growth ranges from
0.23 to 1.00 across studies, while the fraction of the within-establishment contribution to labour
productivity growth ranges from 0.79 to 1.20 across studies. At first glance, it appears to be difficult to
draw conclusions even in broad terms about whether the within-establishment contribution is large or

12. This discussion focuses on simple classical measurement error. There may be other forms of non-random
measurement error that are important in this context.

13. In the case of Taiwan, a simple average (or smple median) of the industry-level results reported in the Aw
et al. (1997) paper is presented.
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small. However, careful examination of the individual studies indicates that this variation is due in part to
there being systematic sensitivity to time period, frequency, and differences between the consequences of
output vs. labour reallocation.

35. Another dimension that many of the studies are comparable is the contribution of net entry to
productivity growth. The results here range from 0.25 to 0.26 for multi-factor productivity and from 0.02
to 1.00 for studies of labour productivity. Again, it would first appear that it would be difficult to draw
strong conclusions. Moreover, since the within plus the net entry components for some cases sum to
greater than one, this implies the reallocation among the continuing establishments is in those cases
working in the opposite direction. As we shall see, like for the within-establishment effect, the net entry
effect differences across studies reflect some systematic patterns.

36. We begin by considering the contribution of establishment entry and exit to these aggregate
productivity dynamics. From Table 2, we see that one important factor is the horizon over which the
productivity growth is measured. By construction, the share of activity accounted for by exits in the base
year and entrants in the end year are increasing in the horizon over which the base and end year are
measured. At an annual frequency, we observe that the share of employment accounted for by exits in the
United States in the year t-1 is only 0.02 and by entrants in year t is only 0.01. In contrast, at a ten-year
horizon, the share of employment accounted for by establishments in the United States in year t-10 that
ultimately exit over the ten yearsis 0.28 while the share of employment accounted for by establishmentsin
year t that entered over the ten years is 0.26. These results imply that the contribution of any differencesin
productivity between entering and exiting establishments will be greater for changes measured over a
longer horizon.

37. The influence of the horizon also is likely to impact the observed productivity differences
between exiting establishments in the base year and entering establishments in the end year via selection
and learning effects. That is, one-year-old establishments are likely to have on average alower productivity
than ten-year-old establishments because of selection and learning effects. Many studies (e.g. Olley and
Pakes. 1996; Liu and Tybout, 1996; Aw et al., 1997; Foster et al., 2000) present results suggesting that
selection and learning effects play an important role. The results in Table 2 reflect this in that the relative
productivity of entering establishments in the end-year to exiting establishments in the base year is
increasing for changes measured over alonger horizon.*

38. Putting these results on entry and exit together helps account for the finding that studies that
focus on high frequency variation (e.g. Baily et al., 1997; and Griliches and Regev, 1995) tend to find a
small contribution of net entry to aggregate productivity growth while studies over alonger horizon find a
large role for net entry (e.g. Baily et al., 1996; Haltiwanger, 1997; Foster et al., 2000; and Aw et al., 1997).
There are two main factors that contribute to this sensitivity to frequency: i) entering and exiting
businesses at high frequencies account for a small share of activity while entering and exiting businesses at
lower frequencies account for a non-trivial share of activity; ii) entering businesses enter at higher
productivity than exiting businesses but selection/learning effects imply that the productivity gap at the
point of simultaneous exit/entry issmall but grows over time.

39. Now consider the sensitivity to business cycles. Table 3 presents a few selected results from
different time periods from the Baily et al., (1992) and Foster et al. (2000) studies. For the 1977-82 and
1987-92 periods, the within-establishment contribution for manufacturing in general is negative for both
studies reflecting the fact that, while there is modest overall productivity growth over this period, its source

14. Although the earlier vintage arguments suggest that it may be that younger establishments should have
higher productivity. While such vintage effects may be present, the evidence clearly suggests that the
impact of selection and learning effects dominate.
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is not the within-establishment component. In contrast, for the 1982-87 period the within-establishment
contribution is large and positive during a period of robust productivity growth. This apparent sensitivity to
the business cycle (1982 was during a severe dump in US manufacturing) is interesting in its own right.
These results suggest that overall productivity is less procyclical than within-establishment productivity.
The inference is that reallocation effects tend to generate a counter-cyclical “bias’ and thus recessions are
times that the share of activity accounted for by less productive establishments decreases either through
contraction or exit. Baily et al. (1997) provide a more extensive analysis of the role of reallocation for the
cyclical behaviour of productivity and present considerable evidence that the within-establishment
component of aggregate productivity is more procyclical than the aggregate itself.

40. Now consider the differences between the results decomposing labour productivity and
multi-factor productivity. For the contribution of net entry, the decompositions of multi-factor and |abour
productivity have very similar findings. For the contribution of within establishment, the decompositions
are very different. The reason for these differences in the respective contributions to the total depends in
part on the role of realocation among continuing establishments. That is, output reallocation across
continuing establishments is positively correlated with multi-factor productivity growth but |abour
realocation across continuing establishments is weakly or even negatively correlated with labour
productivity growth. Foster et al. (2000) show that for continuing establishments there are strong positive
correlations between output growth and employment growth, between multi-factor and labour productivity
growth, and between multi-factor productivity growth and output growth. However, there is a zero or
sometimes even a strong negative correlation for continuing establishments between labour productivity
growth and employment growth.

41. These results show that it is inappropriate to infer that all or even most job reallocation reflects
the movement of employment from less productive to more productive businesses. Instead, employment
downsizing often accompanies large productivity gains. For example, as described in Davis and
Haltiwanger (1999), the US steel industry underwent tremendous restructuring during the 1970s and 1980s.
Much of this restructuring involved a shift from large, integrated mills to more specialised mini mills.
Entry and exit played amajor role, but the restructuring of the industry also involved the retooling of many
continuing establishments. The employment-weighted mean number of workers at US stedl mills fell from
7000 in 1980 to 4000 in 1985. Baily et al. (1996) find that continuing establishments in the steel industry
experienced substantial productivity gains while downsizing. Moreover, the downsizing episode in the
early 1980s was followed by dramatic productivity gains in the steel industry in later years (see, Davis
et al., 1996).

42, It is useful to compare and contrast the results on the realocation involving net entry with those
involving reallocation across continuing establishments. With entry and exit, labour and output (and
capital) redlocation go hand-in-hand. Exit is clearly a sign of poor performance and both low labour
productivity and low multi-factor productivity help predict exit. However, the same is not the case for
output and labour reallocation across continuing establishments. Indeed, Foster et al. (2000) find that the
correlation between labour productivity growth and increases in capital intensity to be quite large for
continuing establishments. Thus, observing that a business is downsizing in terms of workers does not
inherently imply asign of distress but may reflect a restructuring involving increasing capita intensity (and
perhaps skill intensity as suggested in the analysis of Dunne et al., 1997) with associated increases in
labour productivity.

43. To summarise the main points from the evidence on the contribution of reallocation to aggregate
productivity growth and fluctuations:
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— The contribution of net entry to aggregate productivity growth is disproportionate and
increases over the horizon for which the change is being measured. The latter effect reflects
both increasing shares of entry/exit over longer horizons and learning/selection effects.

— Output reallocation among continuing establishments contributes positively to aggregate
multi-factor and labour productivity growth. Labour realocation among continuing
establishments, while correlated with output reallocation, does not contribute positively to
labour productivity growth as downsizing of a continuing business is often associated with
rising labour productivity. Labour reallocation from net entry does contribute positively to
labour productivity growth.

— Readlocation yields a counter-cyclical “bias’ to measured fluctuations in aggregate
productivity growth at high frequencies. Put differently, the average continuing establishment
exhibits even greater procyclicality in productivity than would be suspected from the

aggregate data.
4, Caveats, questions and issues
44, The general theme thus far is that growth is a noisy process with much trial and error. Economic

growth inherently involves a continuous pace of restructuring and reallocation as businesses try out new
techniques, new products, and new locations and adapt to a continuously changing environment. The
resulting churning of businesses and outputs and inputs is large - moreover this churning contributes
significantly to growth. The policy implications at first glance appear clear - create a market environment
where successful innovators can indeed succeed and unsuccessful businesses can fail.

45, The problem is that market imperfections (and in turn market institutions) may yield
inefficiencies in this process of reallocation. As discussed in section |1 and emphasised by Cabalero and
Hammour (2000), the continuous process of reallocation has many potential pitfalls. The largest problem is
that reallocation involves businesses between themselves and with workers engaging in a variety of
relationships with a high degree of specificity. By specificity, we mean that some of the joint value of a
relationship is specific to that particular relationship and would be lost if the parties terminated their
relationship. The specific investments that firms and workers make in creating jobs and making matches
are some of the factors that yield such specificity. The problem with such relationships is that there is an
ex post hold-up problem and the question is whether the market structure and institutions yield an efficient
solution to the hold-up problem.

46. Caballero and Hammour (2000) argue that various countries and parts of the world have
experienced problems in the institutional and market structure along these lines with significant adverse
aggregate consequences. For example, many post-communist countries have seen their potential for growth
and restructuring stifled by an underdeveloped legal and institutional environment. In Western Europe,
labour-market regulation stifles this reallocation process. The crises in emerging markets can be attributed
to economic systems with a lack of transparency and lax corporate governance standards. In all of these
cases, the limitations of the institutional/market structure stifle and distort the ongoing reall ocation process
(and thus the ability to tap new technologica developments and to adapt to a changing environment).

47. Analysis and evidence of the efficiency aspects of the realocation process are till in their
infancy. Davis and Haltiwanger (1999), Hopenhyn and Rogerson (1993), and Mortensen (1994) provide
calibrations/ssmulations of the distortions in the magnitude of reallocation that can occur from various
labour-market interventions. As noted in SectionIl, one indicator of efficiency that Cabalero and
Hammour (1996, 2000) emphasise is the presence of synchronised creation and destruction. The evidence
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for the United States suggests high rates of creation and destruction in the same period regardless of
industry/time period with most workers involved in the reallocation process experiencing direct job-to-job
movements - both of the features are suggestive of an efficient environment. However, over the course of a
business cycle, the United States exhibits sharp spikes in job destruction in recessions followed by long
and dow recoveries involving an increase in job creation. The staggered nature of creation/destruction at
business cycle frequencies is a potential sign of inefficiency even for the United States. For other western
economies, Davis and Hatiwanger (1999) survey the evidence on job creation/destruction. In their
Figure 3.5, they show patterns of annual creation and destruction rates for eight countries. All of the
countries exhibit creation and destruction being inversely correlated and a surge of destruction leading
more gradual increases in creation over the course of severa years.

48. Haltiwanger and Vodopivec (2000) provide some evidence on synchronisation/staggering of
creation/destruction for transition economies. They compare and contrast the job and worker flows for a
rapid reformer, Estonia, and a gradua reformer, Slovenia. Estonia made dramatic changes to open up
product, labour, credit and trade markets quickly. For example, in terms of the labour market, they
eliminated firing restrictions, established a very modest Ul system, and alowed for decentralised wage
determination with a very low minimum wage. In contrast, Slovenia retained restrictions of firing,
established a quite generous Ul system, and virtually all wages are determined via collective bargaining
with a high minimum wage. Estonia experienced a surge in job flows from around zero in 1990 to almost
10 per cent creation and destruction rates by 1995 (similar to U.S. rates). Moreover, while destruction led
creation and 1992 and 1993 were very difficult years in terms of a sharp downturn in aggregate activity,
the increase in flows was relatively synchronised as evidenced by a dramatic surge in job to job
movements for workers experiencing job destruction. In contrast, in Slovenia the magnitude of the
creation/destruction flows has remained substantially lessin Slovenia and destruction has led creation by a
substantial period. Interestingly, both of these economies have done reasonably well in terms of recovering
from the downturn in aggregate activity associated with the transition. Also, interestingly, Estonia has
experienced a sharper downturn and a much sharper upturn than Slovenia.

49, Overdl, we are ill in the early stages of the development of the theory, the appropriate
empirical specifications and the requisite data for the micro restructuring/reallocation approach towards
understanding economic growth. Limited data development is a mgjor obstacle for understanding these
issues because the requisite data are measures of output and input reallocation (including the contribution
of entry/exit) linked to unemployment/worker flows and in turn linked to measures of business
performance. That is, to investigate these issues we need measures of the churning and to be able to relate
these to worker and firm outcomes. Very few countries have devel oped the data that would permit this type
of anaysis. We need to develop such data so that both within-country studies and cross-country
comparisons become feasible. With such data a variety of open questions could be investigated including:
quantifying the magnitude and timing of reallocation, analysing the connection between the pace and
timing of reallocation with market and ingtitutional structure, and analysing the connection between the
pace and timing of reallocation and key macro outcomes like output, consumption, employment and
productivity growth. Putting together the requisite data for within-country and cross-country study of these
issues should be a high priority.

5. Concluding remarks

50. In this study we have focused on the contribution of the reallocation of activity across individual
producers in accounting for aggregate productivity growth. A growing body of empirical analysis reveals
striking patterns in the behaviour of establishment-level reallocation and productivity. First, thereisalarge
ongoing pace of reallocation of outputs and inputs across establishments in market economies. Second, the
pace of realocation varies secularly, cyclically and by industry. Third, there are large and persistent
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productivity differentials across establishments in the same industry even in well functioning market
economies. Fourth, entering establishments tend to have higher productivity than exiting establishments.
Large productivity differentials and substantial reallocation are the necessary ingredients for an important
role for reallocation in aggregate productivity growth. The emerging evidence suggests that the process of
economic growth at the micro level isincredibly noisy and complex - thereis avast amount of churning as
businesses and workers seek to find the best methods, products, locations and matches. This churning isan
inevitable and vital component of economic growth. However, a number of conceptual and measurement
issues remain. We don’t have a clear understanding of the sources of within and between-country variation
in the nature and magnitude of this churning, we don't have a clear understanding of the sources of
within-industry heterogeneity in productivity levels and growth rates, and in turn we don’t have a clear
understanding of al of this variation for within and between-country outcomes like economic growth. A
key obstacle for current work is that the requisite data development is still in early stages.
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Table la. Gross reallocation of employment, output, equipment and structures

Ten-year changes from 1977-87 for U.S. manufacturing

Creation Share of creation Destruction dS:t?lZitiocIn Fraction of excess
Measure (expansion) (expansion) (contraction) (contraction) reallocation within
rate due to entrants rate due to exits 4-digit industry
Real gross output 49.4 0.44 34.4 0.61 0.80
Employment 39.4 0.58 45.8 0.62 0.75
Capital equipment 46.1 0.42 37.1 0.51 0.71
Capital structures 44.9 0.44 48.4 0.42 0.69

Table 1b. Gross reallocation of employment and output for automobile repair shops

Panel A: Five-year changes from 1987-92, employment

Real gross output 51.8 0.76 40.3 0.62 0.81

Employment 50.9 0.76 44.2 0.64 0.88

Notes: See text for details of construction of output, equipment and structures measures.

Source: Foster et al. (2000).
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Table 2. A comparison of decompositions of aggregate productivity growth

A. Multi-factor productivity decompositions

Country Frequency Sample Sectoral Weight used to Average Fraction of  Fraction of Relative Average Study
period coverage calculate within ~ fraction from  activity” from activity from  productivity ~fraction from
establishment within entrants (t) exits (t-k)  of births (t) to  net entry
changes1 establishment deaths (t-k)

changes
United 5-year 1972-87  Selected mfg Output (t-k) 0.37 N/A N/A N/A N/A Baily, Hulten and
States industries (23) Campbell (1992)
United 5-year 1977-92 All mfg Output (t-k) 0.12 N/A N/A N/A 0.25 Foster, Haltiwanger,
States industries and Krizan (2000)
United 10-year 1977-87 All mfg Output (t-k) 0.48 0.21 0.22 1.14 0.26 Foster, Haltiwanger,
States industries and Krizan (2000)
Taiwan® 5-year 1981-91  Selected mfg Output (avg. of (t- 0.94 N/A N/A N/A N/A Aw, Chen and

industries (9) k) and t) (Median = Roberts (1997)

0.63)

Columbia Annual 1978-86 Selected mg Input Index* (avg 1.00 N/A 0.05 1.05 N/A Liu and Tybout

industries (5) of (t-k) and t)
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B. Labour productivity growth decompositions

Table 2 (continued)

Country Frequency Sample Sectoral Weight used to Average Fraction of  Fraction of Relative Average Study
period coverage calculate within ~ fraction from  activity from activity from productivity of fraction from
establishment within entrants (t) exits (t-k) births (t) to net entry
changes establishment deaths (t-k)
changes

United 5-year 1977-92 All mfg. Man-hours (t-k) 1.00 N/A N/A N/A 0.20 Foster, Haltiwanger,
States Industries and Krizan (2000)
United 5-year 1987-92 Selected Employment (t-k) 0.99 0.32 0.39 1.11 1.12 Foster, Haltiwanger,
States service sector and Krizan (2000)

industries
United 10-year 1977-87 All mfg. Employment 0.77 0.21 0.25 1.34 0.31 Foster, Haltiwanger,
States Industries (t-k) and Krizan (2000)
United Annual 1972-88 All mfg. Man-hours (t-k) 1.20 0.01 0.02 1.03 0.02 Baily, Bartelsman
States Industries and Haltiwanger

(1997)

Israel 3-year 1979-88 All mfg. Employment (avg 0.83 0.08 0.06 1.20 Griliches and Regev

Industries of (t-k) (1995)

and t)

1. Within contribution is measured as the weighted sum of establishment-level productivity growth as a fraction of aggregate index of productivity growth. In all

cases, output above refers to gross output.

Activity is measured in the same units as weight (e.g. employment or output).

Simple average (and simple median) of industry-based results reported.

The input index is a geometric mean of inputs using estimated factor elasticities.
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1977-1982

Five-year frequency

1987-92

ECO/WK P(2000)40

Sectoral Multi-factor
ectora productivity
coverage growth
All mfg 2.43
industries
Selected mfg 2.39

industries (23)

Fraction from Fraction from

establishment establishment

Fraction from
within
establishment
changes

-.06

N/A

Study

Foster,
Haltiwanger, and
Krizan (2000)

Baily, Hulten and
Campbell (1992)

Notes: Weight for within calculation from both studies is initial gross output share for the establishment in each industry. Results
aggregated across industries are based upon weighted average with weight for this purpose equal to the average of nominal gross

output for the industry.
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