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Abstract

Empirical progress on understanding the conseqgeoicearious sorts of business dynamics -- whether
from a technological change, job creation and destn, or firm governance and management
perspective -- requires reliable ways of charazitagi business dynamics and of measuring the impdcts
various sorts of business dynamics on businessnaindtry and national productivity growth. We revie
the literature on characterizing and on measuritg impacts of business dynamics on productivity
growth. We introduce the business dynamic stattegoaies used in virtually all of the studies dfiets:
classifications of continuing, entering and exitifidnis classification can be implemented with jugo
periods of data. We also propose an alternativeamtym classification for businesses utilizing three
periods of data. For the empirical portion of tbéper, like many others, we adopt the basic approac
Foster, Haltiwanger and Krizan. We implement thésamposition using data for Taiwanese electronics
firms. We first use the conventional dynamic statlassification approach for firms and then use our
suggested new FNN approach. We demonstrate the gébhhe FNN classifications.

1. I ntroduction

“A wave of innovation across a broad range of tebbgies, combined with considerable
deregulation and a further lowering of barrierdréale, fostered a pronounced expansion
of competition and creative destruction.”

Alan Greenspan, Speech on Economic Volatility, 2002

Technological advances are widely viewed as arnnengf economic growth. Moreover, new
businesses are viewed by many as playing a keyinalealizing the economic growth potential of new
technologies. The presumed interrelationships of teehnologies, new businesses and economic growth
are one main reason for intense interest in thamjm birth, growth and death cycles of businesses.

Schumpeter (1942, p. 83) coined the term, “creatiestruction,” which he described as follows:

“The fundamental impulse that keeps the capitairengn motion comes from the new
consumers’ goods, the new methods of productiontamsportation, the new markets....
[The process] incessantly revolutionizes from withi This process of Creative
Destruction is the essential fact of capitalism.

Others refer to this same sort of process as theralaselection mechanism (NSM) of economic

Darwinism (e.g., Nishimura, Nakajima and Kiyota 2D0
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! For example, an MIT commission report suggestsehiblishments at the top of the productivityribistion rest
on their laurels and lose their competitive advgat&ee Caves and Barton (1990).



Employment issues are a second reason for intetesest in firm dynamics. Growing businesses
create jobs. It is also true, of course, that gngwbusinesses often take market share from other
businesses, leaving the employees of those othggsgdsses with lower earnings or unemployed.
However, in countries open to trade, consumersatsmdon domestic producers for the products of
foreign competitors. Thus many of those who carepbjeabout maintaining and improving domestic
employment opportunities nevertheless feel strotight established businesses should not be shielded
from the competition resulting from new entrantd #me growth of other established businesses.

In an influential paper in the macroeconomicsréditere, Caballero and Hammour (1994) state
that industries undergoing continuous creativerdegbn can accommodate variations in demand in two
ways: “they can vary either the rate at which puatiun units with new techniques are created ordbe
at which units with outdated techniques are desttdyHowever, “industries” are not the decision
makers for businesses. Businesses are createceaalbpled and closed by the choices of managers and
investors in their interrelated efforts to forese®gpe and respond to changing product demanchpntl i
supply conditions. Some of those who believe thairess management and governance matter strive to
extract yet another sort of lesson from researctusiness dynamics. They are interested in trying t
understand how firms can be governed and managadiowe so they wiltontinue to be successful.

Empirical progress on understanding the conse@seat various sorts of business dynamics --
whether from a technological change, job creatioth destruction, or firm governance and management
perspective -- requires reliable ways of charazitayi business dynamics and of measuring the impdcts
various sorts of business dynamics on businessrahgstry and national productivity growth. It iseth
literature on characterizing and on measuringrigacts of business dynamics on productivity growth
which we turn our attention in section 2.

In the case of information technology (IT) goodsts as computers, there has been an ongoing
proliferation of new goods, and IT products haverbamproving in terms of functionality and dropping
in price faster than other consumer and producedgoAs Hayashi and Nomura (2005) explain, the
situation with IT goods raises problems for as wel the measurement of the output and input
aggregates that are needed for measuring prodydiivall levels of aggregation and for macroecoicom
models. We gloss over these problems in this sty focus instead on the definition of the firm
dynamics states: an issue the must be faced nemfaitv productivity is measured. In section 3 we
introduce the business dynamic status categorasatie used in virtually all of the studies revievie
section 3: classifications of continuing, enteramgl exiting businesses that can be implementddjust
two periods of data.

As the literature review in section 2 indicatesyuanber of different ways have been proposed for
factoring productivity growth into components asated with the productivity growth of these



businesses, including shifts in input utilizatiomdamarket share among continuing businesses, ahd wi
business births and deaths. The productivity deoitipn used in the empirical part of this study is
introduced in section 4. In section 5, we proposeakiernative dynamic classification for businesses
utilizing three periods of data. In section 6, wse lboth the conventional and our new FNN business
dynamic status classifications in analyzing data Tfaiwanese electronics firms. We demonstrate the

value of the FNN classifications. Section 7 conekid

2. Lessonsfrom the Literature

The empirical study of business dynamics got figst svith the development of data sets that
permit the tracking over time of business estabiishts or firms. Here we review some of the mileston
studies, with special attention to the businessadyos status groups that are defined and findihgs t

relate to these definitions.

21 Pioneering Studies

Baldwin and Gorecki (1991) use establishment baksdd for Canada, together with individual
establishment and firm identifiet$or the 1970s and early 1980s. In this study,appearance of a new
identifier defines a birth. The disappearance ofidantifier from the universe of all establishment
identifiers defines an establishment death. BG domui the size of entrants at birth and their sulpsiet
transition paths. Distinctions are made betweenrgield (i.e., completely new) and merger entries.

Establishments under common ownership are linkgdther into aggregates that can be thought
of as virtual firms. BG note that exit rates, cédted at, say, the individual four-digit industgyvél, are
not be the same as for the manufacturing secta asole, since an establishment may leave one
manufacturing industry for some other industry,ichhBG term a switch or a transfer. Entry rates
defined for the manufacturing sector as a whold nat include establishment switches that take eplac
between industries. The list of dynamic statesngeffiand constructed in this study includes bidlesths,
continuing, transfers, acquisitions, or divestiture

Bresnahan and Raff (1991) (BR) use U.S. panelfdata period of great economic change to try
to gain further insight into how establishment dyies affect changes in productivity. In the United
States during the Great Depression, half the éstabénts, and more than half the firms, in the moto
vehicle industry closed between the 1929 peak hadl933 trougf.By exploiting the panel feature of

their data for auto industry establishments, BRadnle to explore differences among closing, coiiigyu

2 These identifiers stay with business units oveirtlifetime.

% Okazaki (2008) documents the adjustments in antithe and place of great economic upheaval: tkiilée
industry over the years of 1894-1924 in Japan.



and newly started establishments: differences BfRtfind are large and systematic. They find that
closures accounted for almost one-third of the idecln industry employment. Labor productivity
appears also to have fallen at continuing estahblksits. The following upturn was largely accomplishe
by expansions of existing establishments and firms.

Baily, Hulten and Campbell (1992) (BHC) use data 1972-1988 from the Longitudinal
Research Database (LRD) developed by the U.S. GdBsteau. For any given year t, BHC note that
some of the establishments operating in t will diswe been operating in the prior period. These
establishments are designated the “stayers” by Bstfthe of the establishments operating in t willehav
entered between the previous and current time gieriome establishments operating in the prioogeri
are no longer operating in t. They exited the iigu8HC decompose industry productivity growthaint
the contributions of stayers, entrants, and eXitey also try to ascertain how much of overall gtois
from the establishments with particular sorts afdorctivity growth patterns, such as those that mada
to stay on top in terms of productivity performarficeprolonged periods of time.

BHC identify a positive contribution to growth froincreasing output shares among higher
productivity establishments and decreasing outpates among lower productivity establishments. This
dynamic shifts an industry toward a higher prodiitgtiaverage. Old establishments are found to Bg on
slightly less productive than are more recent oB&KC find evidence consistent with the notion ofliwe
managed establishments that are able to stay offiotolong periods. Establishments that are part of
higher productivity firms also are found to havgh@r contemporaneous productivity. Establishmants i
firms with more rapid productivity growth grow marapidly too.

Entry and exit are reported to play a relativatya#i role in industry productivity growth over
time. BHC find that the majority of the entrantsdagxits are very small establishments, and a typica
entering establishment -- like the typical exitegjablishment -- is found to have productivity tisatvell
below average. The smaller and less productiveriagtestablishments are found to have quite high
probabilities of exiting quickly.

Griliches and Regev (1995) (GR) examine panel datafirms for the years of 1979-1988
assembled by the Israeli Central Bureau of Stesistror the three subperiods of 1979-82, 198288, a
1985-88, GR estimate the productivity impacts aftcwing firms (those present at both the beginning
and the end of the period), those that ‘closeditée, and those that ‘opened’ (entered) by theadrttie
period. They ask how much of the growth in avenagealuctivity occurs within firms and how much is
the result of the mobility of resources betweemthéoth as a result of exit and entry and also as a
consequence of the differential growth of surviviitrgns. GR find too that firms that can be seemfro

the data to exit in the future have lower produttiperformance years prior to when they exit.



Nevertheless, GR conclude that most of the chaimggggregate productivity come from changes
within firms rather than from different exit andtgnrates and various weight shifts. Griliches &atjev
(1995, p. 201) write:

“In spite of the large amount of turnover and clngnin firms and jobs, most of the

productivity growth occurred within firms. Produgty growth in industry as a whole did

not come primarily from the exit of failing firmsr drom the faster growth of more

produ_ctive firms. What happened within firms weaecidive and that is what needs

attention....”

Haltiwanger (1997) uses data from the U.S. Lomljital Research Database (LRD). Haltiwanger
presents decomposition results for labor produgtiiased on both gross output and value-added
measures. He notes that the measurement of labdugtivity (particularly on a gross output bass) i
less fraught with measurement problems than measfréotal factor productivity (TFP). Haltiwanger
finds that quite similar results are generated wheing output weights as share weights in the
decomposition, but with establishment level prowitgt measured in terms of labor productivity. An
employment weighted decomposition of labor proditgtiyields roughly similar results too.

Haltiwanger reports that the shift in output todsrestablishments that are also increasing
productivity is a major factor in accounting foretlaverage industry productivity change, but thdt ne
entry plays an important supporting role as well.

Foster, Haltiwanger and Krizan (2000/2001) (FHIsg W.S. Census of Services establishment-
level data for 1987 and 1992. They find that theant of net entry is disproportionate since entgrin
establishments tend to displace less productivéngxéstablishments, even after controlling for raile
average growth in productivity. FHK also find tithe gap between the productivity of entering and
exiting establishments increases as the horizonwhieh the changes are measured increases.

2.2  Important Post 2000 Studies’

Nishimura, Nakajima, Kiyota, Minetaki, Tamai, aidirokawa (2004) (NNKMTK) and also
Nishimura, Nakajima and Kiyota (2005) (NNK) set dot investigate whether the natural selection
mechanism of economic Darwinism works in severessions. They use data from the Basic Survey of
Japanese Business Structure and Activities (BSJBBAJucted by the Japanese Ministry of Economy,
Trade and Industry (METI). This survey covers ahenercial firms with 50 employees or more and
capitalization of over 30 million yen that are @a$t partly engaged in mining, manufacturing, welke
and retail sales, and restaurant activities. Nishémand his collaborators analyze the entry/eXiakir

of Japanese firms during the 1990s and find thédtively efficient firms exited while relatively

* Another interesting alternative decompositionrissented by Diewert and Fox (2009). We do not iheltheir
study in this section, however, because their entpirical results are for synthetic data.



inefficient firms survived during the banking-cagperiod of 1996-1997. They conclude that the ahtur
selection mechanism (NSM) malfunctioned duringsbeere 1996-1997 recession. They discuss various
reasons why this malfunction might have occurred.

One empirical finding of this study is that eféat firms in terms of TFP exited while inefficient
ones survived in the banking-crisis period of 19987. Further, this phenomenon is observed maanly f
new entrants and contributes substantially to larfahacro TFP after 1996. These facts stronglygssy
a malfunctioning of NSM in severe recessions.

They examine the dynamics of Japanese informatiorice industries. They use the data from3ievey
of Sdected Service Industries, Volume of Information Service Industries, conducted by the Ministry of
Economy, Trade and Industry (MET]I).

In these studies, firm entry is defined as theeapgnce of a new firm identification code or the
reappearance of an old code. Either temporary ong@ent disappearance of an identification code is
defined as a firm exit. Continuing firms are deflres those with present identification codes fdeast
two consecutive years. The author notes that witlmese procedures, it would be difficult to constr
TFP measures consistently for all firms. Firms thaftch-in or switch-out for an industry are also
identified.

Nishimura and his collaborators note that in papuérminology, “exit” means the complete
closure of a business. However, according to tefmiion, “dormant” firms with no significant buséss
that are still not closed are classified as comigdirms. The authors explain that in Japan thee a
sizable number of “dormant firms” existing simplyr ftax-shelter and/or other purposes, although it i
very difficult to determine the number of such damhfirms. In the economic analysis of productiyity
we are concerned not with dormant firms, but walbtive” firms. In this respect, entry and exit niard
presented in previous studies, basedCompany Satistics and the like, are probably misleading because
of dormant firms. In contrast, in the BSIBSA, thigecia of including firms with 50 employees or raor
and a capitalization in excess of 30 million yeraméhat the included firms are likely to be “active

Fukao and Kwon (2005) (FK) also use firm-level pasfeta for 1994-2001 from the BSIBSA.
They decompose TFP growth in the manufacturingoseécto a within-firm effect, a reallocation effect
and an entry-exit effect. FK find that both thetesffect (excluding the switch-out effect) and #vatch-
out effect for the manufacturing sector as a whi@m 1996 to 2001 were negative and contributetthéo
decline in TFP growth in the manufacturing secltrey find also that both the entry effect (exclggdihe
switch-in effect) and the switch-in effect were itige in almost all the industries. Moreover, therg
effect (including the switch-in effect) was positiin both the upturn and the downturn periods. But
probably as a result of the low entry rate, the %if the entry effect was not large. FK find thia t
redistribution effect — that is, the between effglcts the covariance effect — was positive. Andytfind



that the within effect, i.e. the effect of TFP gtbwvithin staying firms, was the largest factor agaill
the effects. Moreover, this effect changed proicgdly.

Brown and Earle (2008) (BE) assemble comparabiei@mpanel data with long time series on of
manufacturing firms in six of these economies — @&y Hungary, Lithuania, Romania, Russia, and
Ukraine. They use these data to measure the cotitrib of inter-firm employment reallocation to
aggregate productivity growth during the sociaistl reform periods in six transition economies.fide
that reallocation rates and productivity contribog are very low under socialism. After reformgyth
rise dramatically, and productivity contributionseatly exceed those observed in market economies.
Early in transition, faster reform is associatethvarger contributions from reallocation, but tatend on
average over the whole transition, this relatiopghki reversed. Though reallocation rates are laiger
faster reforming economies, higher productivitypeision in slower reformers creates much higher
productivity gains for a given volume of reallocati The results imply that reallocation should be
viewed as necessary regular maintenance for a fumdloning economy, and particularly large
productivity contributions tend to reflect previausglect more than current virtue.

BE argue that the conventional measures of thé&ibations of entry and net entry of previous
studies are difficult to interpret, since they &ighly sensitive to the share of new entrants aaddt
productivity growth. They address this problem bgcamposing the standard entry term into
proportionate and disproportionate entry, and #teeil is useful for evaluating entry’s contributidrhe
results from the decomposition into proportionated adisproportionate entry show that entrants’
productivity is actually lower on average than thhssurviving incumbents in several of the coursrie
particularly when using shorter decomposition p@sioBy calculating separate disproportionate entry
terms for each entry cohort within the decomposiperiod, they show that the terms for dispropogte
entry of all cohorts together are dragged downrhigymost recent cohorts.

Carreira and Teixeira (2008) (CT) examine datavdrirom an annual business survey run by the
Portuguese Statistical Office (INE). The samplen@nufacturing firms comprises some 1,900 units,
observed over a 10-year period (1991-2000, unbathpanel). This paper decomposes the productivity
growth into four components—within, between, cr@s] net entry, as suggested by Foster et al. J2001
and Griliches and Regev (1995)—and discusses tludicaly pattern of internal versus external
restructuring. The results of the decompositiondiistry productivity growth suggest that the shaire
external restructuring is stronger in recessionjeninternal restructuring seems to be more dontinan
expansions. CT conclude that in Portugal the coitivgepressures on inefficient firms are inadequate
expansions.

Foster, Haltiwanger and Syverson (2008) (FHS) tiwd whereas it is true that businesses with
higher measured productivity levels tend to grostda and are more likely to survive, nevertheless,



selection is actually on profitability rather tharoductivity. Productivity, of course, is only ongseveral
factors that determine profits. they note thatathtion of empirical research with business miatads
that establishment-level prices are typically umobsd. Usually, establishment output must be measur
as revenue divided by a common industry-level ¢ieflarherefore within-industry price difference® ar
embodied in output and productivity measures. Thanection between productivity and survival
probability, reallocation, and industry dynamicsymae overstated, and the impact of demand-side
influences on survival understated.

FHS investigate the nature of productivity growthindustries where they can observe quantities
and prices separately. They show that physical ymtbdty is inversely correlated with price while
revenue productivity is positively correlated. Fifigd that young producers charge lower prices than
incumbents. One implication of their findings isaththe literature understates new producers’
productivity advantages and entry’s contributionraigregate productivity growth. Their estimate® als

suggest that demand variations across produceth@dmminant factor in determining survival.

3. A Conventional Dynamic Status Classification of Businesses Using Two Periods of Data

In the studies of others, business dynamics statugos have usually been defined with respect
to the universe of businesses present in one asttier or both of two time periods. Lettil‘f‘gﬁ_1 denote

the set of all businesses present il and IettingSt denote the set of all businesses present in t, the

universe of businesses present inl or t can be represented as
(3-1) U(t-1t=s1os.
Businesses present in bdtkl and t are referred to as continuing (C). We dettweset of these

businesses b$c and their number byN . Businesses present only in the second of theperiods are

referred to as entering (E). We denote the sehe$d businesses I8 and their number bNEg .
Finally, we refer to businesses present in onlyfifs¢ of the two periods as exiting (X). The sétatl
these businesses is denoted3yy and their number byNy . Note that among all of the businesses
present int —1 or t, it is only the businesses classified asioairtg for which t minust —1 difference
variables can be defined. Note that the periodhtdiare thus all either classified as continuingrdering,
and the period —1 firms are all either classified as continuing gitiag.

The conventional definitions and notations for thesiness dynamics status sets defined above

are shown for convenience in table 1.



Tablel. Conventional Definitionsfor Turnover Status Variables

Symbol ~ Symbolsfor the setsand numbers of businesses  Name for Definition
for status in U(t-1t) by dynamics status status of status
: o e e
E Sg., Ng Entering in t E{ﬁiﬁ i_nl
X Sy, Ny Exiting in t—1 E{]ﬁiﬁ:‘n:_l
4, Decomposition Specificsfor This Study

41 Within Group, and Group and Business Unconditional, Share Parameters

For the purpose of defining performance measuresgdrious groupings of the stated universe of
businesses and for the universe as a whole, ibnsnton for researchers to defigeare parameters.
These could be shares of revenue, shares of costeme other sort of shares. Foster, Haltiwangdr a
Syverson (2008) assert that the choice of weigliamsopen question”. The most common choices are
either output (or revenue) weight or employmentghei

Within group shares are the first type of shamaipeter we define. We denote the period t share

for business i in group g relative to all businessegroup g b)ef‘g . Group shares are the second type of

share parameter we define. We denote the periddhresof all businesses in group g relative to all
businesses in the given universe Qg/ Shares for individual businesses relative touhierse are the
third type of share parameter we define. We dettodeshare for business i relative to all businesses
present in the universe tﬁf :

If Sg denotes the set of all businesses in group g, ttiefollowing conditions must be satisfied

for the three types of share parameters:

N
t_ t _1. t _
(4-1) _Z ei\g =1, ¥ 6g=1; and_zei =1
i0Sy All g i=1
Note too that the three sorts of share parametfised here are related as follows for any choite o
values for i, g and t:

t t _nt



We now IetI'Iit denote some given period t firm performance lewvaasure that can be

computed for every firm present in period t. Orlité has been defined, now we can define a period t

performance level measure for the businesses ie setng as

(4-3) MNg= Y 6 N forallg.
~ g
ISy
Also, we can define a performance level measuretfier N businesses present in the universe by

U(t -1 by:

t = tqt
@44 nt=y ein}

All g
@5 =3 6g( ¥ 6)M0)
Allg  iosy g
N
4-6) =Y.
i=1

4.2 The Productivity Decomposition Used in Our Empirical Analysis

We follow Foster, Haltiwanger and Krizan (2000/2D0(FHK), Foster, Haltiwanger and
Syverson (2008), Carreira and Teixeira (2008) atieers in adopting the FHK modification of the
decomposition proposed by Baily, Hulten, and Carigh®92) (BHC). Continuing, entering and exiting
firms are compared to aggregate productivity initiiteal year ¢-1).

ant= yeanf+ yaeinit-nt1+ yaelan!

(1) i0Sc i0Sc i0Sc
+ Zeit(”it Nty - Zeit—l(l—l it—1 —ntY
i0Sg i0Sy

t

where Ax! = xt = x'™. The first component on the right hand side of eiquag4-1), Zeit_lAl'l-t,

i0Sc
represents productivity improvement of continuiivghé (holding share constant at the initial levahd

it is known as the within firm effect. The secocmimponent, ZAG}(I‘Iit_l - I'It_l), represents the
i0Se

change of shares (holding productivity constant) &rs known as the between-firm effect. Thedhir

component, ZAB}AI‘I}, is the cross effect. The fourth and fifth compuseepresent the contribution
i0Sc
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of entry and exit to productivity growth. Here, timitial aggregate productivityl’dt_l) is used as the
reference point. Firm entry is considered contghpositively to productivity growth if the entranare
more productive as compared to the initial aver&gmilarly, exits are considered contribute posiyto

productivity growth if the exits are less produetias compared to the initial average.

5. Rethinking the Conventional Dynamic Status Classifications for Companies

Notice that the conventional classification systemhich is all that is possible with only two
periods of data) provides no way of distinguishingey group of businesses: those that fail withia o
period of entering. Even if the data periods amesecoutive years, the percentage of businessesritet
one period and are already gone again by the rexteasily be 20 percent or more even in good
economic times. In a recession, or when the daiagseare multiple years wide, or multiple yeararap
the percentage of businesses that enter one peniddcare already gone again by the next can easily
exceed half. Data permitting, it thus seems préferto define business dynamic status states based
three rather than two periods of data.

Consider the three periods of data denoted b¥, t andt +1. Businesses present ir-1, t and
alsot +1 will be referred to agontinuing survivors in period t (CSt). The set of these businesses is
SE:S and the number of them in period t is denoted\tfys. Businesses not presenttir1, but present
in t andt +1 will be referred to agntering survivors in period t (‘ESt ). The set of these businesses is
StES and the number of them in period t is denoted\k&s. Businesses not presenttir1, presentin t,
and then absent again i+ 1 will be referred to asntering failures in period t (EFt). The set of these
businesses iStE,: and the number of them in period t is denoted\t@,:. Finally, businesses present in
t—1 and in t, but absent ih+1 will be referred to agxiting survivors in period t (XSt). The set of
these businesses %(S and the number of them in period t is denotedl\tiys. Note that all of the

businesses present in t (denoteds@ fall into one, and at most one, of the sﬁ&gs StES, StE,: and

s&s. That is, these sets are mutually exclusive any #re also exhaustive if the universe of inteisest

taken to be all businesses in existence in peridthé¢ details for our proposed FNN categorization a

shown, for convenience, in table 2.

11



Table2. FNN Turnover Status Variablesfor Period t

Symbols for the sets and
numbers
Symbol of businesses in
for U(t-1tt+1) Definition
status by dynamic status Name for status | of status
t t Continuing survivor | Presentint -1, t
cs Scs: Nes int andt+1
t ¢ : .. .| Absentint-1, but
ES Sks, NEg Entering survivor in t oresentin t and +1
. : . Absent int -1, presentin t
t t t ’ ’
EF Str, NEF Entering failure in t but absent again in+1
. . Presentint—1 and t
t { t
XS Sxs, Nxs Exiting survivor int but absent irt +1

Table 3 shows all possible sequences of beingeptesnd absent for a business in periods

t= 0123 and shows the results of applying first the cotiem@al and then the HNN definitions

turnover status definitions with the various polssifequences for a business being present andtabsen

over four years for which data are available.

Table 3. The Conventional versusthe FNN Definitions Applied

1

Conventional definition FNN definition
based on two periodsof | based on three periods of
data data
Status in t=
based on data
Possible sequences Status based Status in t=1 for
of present (P) and absent on data for based on data for t=1, t=2 and
(A) t=1 and t=2 t=0, t=1 and t=2 t=3
Continuing (C) based on conventional 2-period dynamic status definitions
1 | pOplp2p3 C cd cs
2 | pOplp2p3 C cg XS2
3 | AOplp2p3 C ES c
4 | A%!tp2a3 C ES XS?2
Entering (E) based on conventional 2-period dynamic status definitions
5 | POAlp?p? E ES’
6 | A0Alp2p3 E ES?
7 | PPAlp2A8 E EF?
8 | APAlp2A8 E EF?
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Exiting (X) based on conventional 2-period dynamic status definitions

9 | pOpla2a3 X xs!
10| pOpla2ps X xst
11| A0pla2p3 X EFL
12| AOpla2a3 X el

Not present in either of the two designated periods

13| pOplp2p3 -

14 P0A1A2A3 --

15| pA0plp2p3

16| A0ALA2A3

6. A Decomposition of Firm Dynamic Effectson Electronics Industry Productivity in Taiwan

The story of how Taiwan was transformed into dmhécally advanced, relatively wealthy newly-
industrialized economy has been much studied. Rtmmearly 1980s on, the Taiwanese government
began to focus on the strategic development of -tégh, high value-added and energy-efficient
industries. Semiconductors are the backbone of tiwanese electronics industry.

Almost all of Taiwan's semiconductor industryadsdted in the Hsinchu Science-Based Industry
Park, which also houses the country's leading coenpestablishments including Acer. Hsinchu was
designed and launched and nurtured by the Taiwag@sernment following the model of California's
Stanford Research Park. Hsinchu Park also incladgsvernment research institute (ITRI), and two of
Taiwan's most significant technical universitiehi@gdtung and Tsing Hua). The government-owned Park
offers firms that settle there attractive terms detting up a business, as well as a range ofitaxat
benefits and allowances, low-interest loans; R&Dtamiag funds; tax benefits (e.g., investment
allowances); and special exemptions from tariftanmodity, and business taxes. Also, a firm that is
accepted as a resident of Hsinchu Park stands & greater chance by that fact alone of raising bank
loans for investment.

Taiwan now acts as the technological gateway tatwbe United States and China. Production
networks composed of small and medium enterprisesaa integral part of the Taiwan's economic
development miracle. Sturgeon (2002) explains fha& production system for the computer and
telecommunication industry is highly “modular.” ®amkan and Hsu (2001) explain that foundries arose
first in Taiwan, as key firms in that country desidthat their best strategy for becoming intermetily
competitive in the industry was to focus on peifertthe process technology and let others do the
designs. These firms were founded or run by Taésamationals who had been trained in the United

States or who had worked for U.S. semiconductandimpreviously. By now, a thriving electronics
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industry has been created in Taiwan. Mathews (188@)ains that by the mid-1990s, the industry had
reached a level of output that placed it behing ¢imé United States, Japan, and Korea.

6.1 Data Description

In the empirical analysis, we use data on Taiwaredsctronics firms. The firm-level data are
extracted from the Industry, Commerce, and Ser@eesus for the Manufacturing Sector for the yeérs o
1986, 1991, and 1996. This census is conducted dwer years by the Directorate General of Budget,
Accounting, and Statistics, Executive Yuan, Taiwdihe comprehensive coverage of firms makes it
possible to trace firm turnover status by matcHirg identification numbers over census years. @ag
set includes information on the starting year, nendd employees, wages and salaries, materialsggne
fixed assets, subcontracting activity, revenue, eltio sales and exports. Firm productivity is carged
by using a multilateral index number approach wvathput being measured as revenue deflated by an
industry price index (see appendix A).

The micro data on electronics firms used for ompigical analysis is well-documented in
previous studies such as Aw (2002), Aw, Chen, aoldeRs (2001), and Fung (2008). According to Fung
(2008), the firm exit rate in the Taiwanese elatts industry was 43% between 1986 and 1991 and 30%
between 1991 and 1996. We choose to focus on gotr@hics industries because it is an industry with
rapid productivity growth, high rates of firm entpd exit, and quality variation in products.

This data set covers electronics firms in bothdfess-sectional and time series dimensions, so
that we can identify firm turnover status in thdkeee census years. In addition, the starting year
information makes it possible to further classifymfs in operation in 1986 into firms that were in
operation in 1981 (the last census year beforda #8& census) and firms that entered after 1981.

Next, we apply the FNN definition to firms pres@mtL986 and 1991. Based on the definition, firhnest t
appeared in both 1986 and 1991 are the ones that clessified as continuing survivors and entering
survivors in 1986 and as continuing survivors awifirey survivors in 1991. The firms that were in
presence in 1986 but not in 1991 were the onesntbed defined as exiting survivors and entrantfas

in 1986. The firms in presence in 1991 but not 888 were the ones that were defined as entering
survivors and entering failures in 1991.

Based on the available information, we are ableply the FNN definition not only to 1991 but
to 1986. Table 4 summarizes the share of firms emgloyment of firms in different turnover status
based on the FNN definition. To sum up, continufirgis are disproportionately large. In 1986,
continuing firms consisted of 26% of the firms &% of the total employment. The exiting continuing
firms are much smaller. They consisted of 25% effthms but only 23% of employment. In additiong th
successful entrants are relatively larger as coetpar the entrants that failed.
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Table4. Firm and Employment Sharesof Firmsin Different Turnover Status
Cq86 XSBG Eq86 EFSG
Firms 0.2€ | 0.28 | 0.2C | 0.2¢
Employmen 0.5€ | 0.22 | 0.1C | 0.1C
ngl Xs91 Esgl EF91
Firms .023 | 0.09 | 0.39| 0.29
Employmen 0.52 | 0.0¢ | 0.27 | 0.11

The firm level observations must be formed int@ougs to carry out a FHK type
productivity decomposition. Table 5 shows how thgisrips can be formed for the conventional

and for the FNN classification approaches.

Table5. The FNN Dynamic Status Sets That Fall
within Each Conventional Dynamic Status Group

Group The sets defined using the FNN definitionsthat fall into each
(9) of the designated conventional dynamic status groups
Continuing S¢ ) based on conventional2-period dynamic statushitiefins
1 2_dl
SP?=Stsn s
2 2 _
5]2" = Slcs n 53(5
3 2 _adl
SY* =Stsn s
4

2_d
Sﬂi =SEsn Sks

Entering Sg) based on conventional 2-period dynamic statuiitiehs

° S° =SEs
: 2=
Exiting (Sy ) based on conventional 2-period dynamic statuitiehs
7 S17,2 = S%( S
° S =Sty

Table 5 shows the four sets, created using the HBfikhitions, that fall into the conventional

continuing category. The S%Z consists of the firms that were continuing goiniperiod 1, and that

are continuing still following the second of theotdesignated periods for which the conventionaligso

are defined. In addition, we have tﬁéz group of firms that will exit following the secoraf the two
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periods. We also have tt@z firms that just entered prior to the first of ttveo periods. And we have

the Sﬂ;z group consisting of firms that just entered ptiorthe first period and will exit following the

second period. From table 5, we see also thatdheentional group of entering firms includes bdth t
FNN entering survivors that will continue on follmg the second period and the FNN entering failures
that will exit following the second period. Finallwe see that the conventional group of exitinghéir
includes both the FNN firms that were continuingnaag into the two periods and the firms that just
entered and will be gone again by period 2.

Of course, the added complexity of the FNN clésaiifon is only worthwhile if more useful
inferences result from using this classificatiore Wow turn to the data and apply both the conveatio
and the FNN classifications.

6.3  Empirical Results

We can further explore the difference between oointig survivors, exiting survivors, entering
survivors and entering failure by testing if theioductivity indicators are different at the 5 pamrt
significance level. The results are reported inl@ab Firms in operation in 1986 can be grouped int
conventional continuing firms -- firms that haveehen operation since 1981 -- and firms that euditere
after 1981. The results in column 1 indicate tha tonventional continuers are more productive
compared to the conventional entrants. These sesalifirm that the contribution of these firms he t
aggregate productivity growth should be examinguhssely. We can further categorize conventional
continuers into continuing survivors (those surdive 1991) and exiting survivors (those stayed986l
but exited before 1991). Results in the first twas of column 2 indicate that continuing survivars
significantly more productive as compared to thigirgx survivors. Similarly, the general entrants dze
classified into entering survivors and enterindufais. Results in the bottom two rows of column 2
indicate that the entering survivors are signifitamore productive as compared to the enterinigifes.
Similar patterns are found for the firms in operyatin 1991.
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Table 6. Productivity Differentials

Firmsin Operation in 1986 Firmsin Operation in 1991
Turnover Turnover Turnover Turnover
Status Mean | FNN Mean | Status Mean | FNN Mean
(1981-86) INTFP | Definition INTFP | (1986-91) INTFP | Definition INTFP
1) @ @3) @
Continuing Continuing
Survivors | -0.054 Survivors | 0.180
Conventional (C.:.S) Conventional (C..S)
general EX|t.|ng general EX|t_|ng
e -0.069 Survivors | -0.084 e 0.165 Survivors 0.127
continuing continuing
firms (XS) firms (XS)
Significantly Significantly
Differentat | Yes Differentat | Yes
5%7? 5%7?
Entering Entering
Survivors | -0.093 Survivors 0.175
Conventional (ES) Conventional (ES)
general Entering general Entering
entering -0.108 Failure (EF) 0.118 entering 0163 | Failure (EF) 0.147
firms Significantly firms Significantly
Differentat | Yes Differentat | Yes
5%7? 5%7?
Significantly Significantly
Different at Yes Different at No
5%7? 5%7?

Notes: The entrants between 1981 and 1986 ardfiddnising the starting year information for firrisat are in
operation in 1986. INTFP can be negative becausekpressed as a deviation from the mean indke pear.

We can apply the new definition to the FHK type mfoductivity decomposition. The
classification of firms follows the last two colusof table 3. Take 1986 as t=1 and 1991 as t=2: two
census years that we have enough information timeléfm turnover status using the FNN definition.
We can start with decomposing productivity growtsing the two-period definition (continuing, C,
exiting, X, and entering firms) based on the datayéars 1 and 2. The productivity growth betwgear
1 and 2 can be decomposed as:

61 n?-n'= yefnf-nh- Teni-nh+ TeFni-nh- Teini-nY

i0Sc i0Sc i0Se i0Sy
Recall that when the two period definition is apglithe continuing firms were defined as the fithret
were in presence in both years 1 and 2. Usinghitee tperiod definition, the general continuing Broan
be further specified into four groups: (1) firmsthvere classified as continuing survivors in bgehr 1
and 2; (2) firms that were classified as continwnigvivors in year 1 and exiting survivors in y@ai(3)
firms that were classified as entering survivorgear 1 and continuing survivors in year 2; andfif)s

that were classified as entering survivors in ykaand exiting survivors in year 2. In addition, the
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entering firms can be represented as two groupstemnelxiting firms as another two groups. In alt, the
FNN classification, there are the eight groups sanwed in table 5. By applying this more detailed
definition, the first two elements on the right Haside of the equation above can be specified into:

8
(6-2) n*-nt=Y[ »ein7-nh- yeini-nhy.
9=1 iosg? i0Sg?
Further, following the FHK method, the growth otkayroup of firms that were observed in both peyiod

(that is, for groupgy =1,...,4) can be further decomposed into the within-firrafvieen firm and cross
firm components:
63 >67(Nf-nhH- yeini-nh= yeanf+ Tei(mi-nh+ Taefan?,

i0s, i0S, i0Sy i0S, i0Sy

where Ax? = x? —xl, and theSg groups are defined as in table 5..

Table 7 summarizes results of productivity decositiun using the FHK approach with either
the usual two period definition of entry, exit andntinuing firms (equation number) and the FNN
definition. The first row of Table 7 reports thesults of productivity decomposition using the lisua
period definition. As discussed in Section 4.2,ewhthe FHK method is applied, the growth of
continuing firms can be further decomposed intdhinifirm, between-firm and cross-firm components.
The results indicate that the productivity growthtlee Taiwanese electronic industry was primarily
driven by the within-firm growth among continuingnfis while the net entry of firms (i.e. exits being
replaced by entrants) played a secondary but gignifrole.

The second to fourth rows of Table 7 report theults of further decomposition of the within,
between and cross firm components into the contabuwof firms in different turnover status usingeth
FNN definition. The results indicate that among doatinuing firms, their contribution to productiyi
growth is uneven. The within-firm growth is primgriattributable to the growth of firms that were
classified as continuing survivors in both peridids., firms that have been in operation in all te@sus
years observed).

® Using the two-period definition, there were 2,Z@htinuing firms, out of which 1,182 firms were sdified as
continuing survivors in both periods 1 and 2 are/thccount for 70% of the within firm growth.
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Table 7. Productivity Decomposition using FHK Approach, 1986-1991

Total
Growth Within | Between Cross Entrant Exit Net Entry
1) = @+ | O+ (4)+ (5)+ ® [(M=
(5)+(6)
25.59Y 17.00% 1.03% -2.26% 9.71% 0.11% 9.82Y%

Firms present bot
periods (1986 and
1991)

2 _dl 2 11.76% 0.87% -2.39%
S* =Stsn SEs ( ‘

2_d 2.17% | 0.10% | -0.82%
5% =Sesn Sks

2 _ 2 2.05% | 0.14% | 0.79%
S%’ =SEgn Sis

sl = S}ES A S>2<S 1.02% -0.08% 0.16%
=

Firms present onl
in period 2 (1991)

Si2 = 2 6.93%

2_2 2.78%
S5° =Stk |

Firms present onl
in period 1 (1986)

S12 = gl -0.24%

S2=ckp 0.36%

The sixth and seventh rows further decomposesdahgibution of entry to the growth of entering
survivors and the growth of entering failures. Theults show that the entry of firms that evenguall
survived have a much greater contribution to thgregate productivity growth as compared to the
entrants that eventually failed. The last two rofusther decompose the contribution of exits to
productivity growth into the contribution of entegi failures (in period 1) and exiting survivors.

Interestingly, the entering failure contributes ipesly to productivity growth (i.e., they are less
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productive as compared to the average productimityeriod 1) while the exiting survivors contribute

negatively.

Table 8. Definition of Firm Turnover Status (A: Absent; P: Present)
t=0(1981) t=1(1986) t =2 (1991)| t = 3 (1996)

CS*
XS86
ES®
EF®
cs?
XSQl
ES!
EF?

>|>|10|T

V| U|1|T>T>lu

> Ui>|T

>>|10|U| 0|0 1ulu

7. Concluding Remarks
Kui (2007) explains that the main countries inemlvin the Asian production networks are the

United States, Japan, Korea, Taiwan, Hong Kong&indapore. Taiwanese firms specialize in personal
computer electronics and are said to be relatioglgn. Their adjustments to market conditions and
technological shifts are claimed by analysts sicB@jarric and Hagiu (2009) to be more agile theairt
Japanese counterparts. In Japan, Korea and Tailexe, is government support for small and medium
sized enterprises in the IT and electronics ingudthe SMEs in Taiwan have achieved a broad rafige o
capabilities during 1990s and turned Taiwan intwoald-class supply source for a variety of eleciton
hardware products. Also, the Taiwanese semicondirdastry is now the third largest in the worlétea
North America and Japan. There is a great dealtefast in this industry within and outside of Taiw
Empirical progress on understanding the conseqseoicgarious sorts of business dynamics --
whether from a technological change, job creatioth destruction, or firm governance and management
perspective -- requires reliable ways of charazitagi business dynamics and of measuring the impdcts
various sorts of business dynamics on businessnaindtry and national productivity growth. We revie
the literature on characterizing and on measuritg impacts of business dynamics on productivity
growth. We introduce the business dynamic stattegoaies used in virtually all of the studies dfiarts:
classifications of continuing, entering and exitifidnis classification can be implemented with jugo
periods of data. We also propose an alternativeamtym classification for businesses utilizing three
periods of data. For the empirical portion of tpéper, like many others, we adopt the basic approac
Foster, Haltiwanger and Krizan (2000/2001). We enpént this decomposition using data for Taiwanese
electronics firms. We first use the conventionatayic status classification approach for firms treh

use our suggested new FNN approach. We demonsietalue of the FNN classifications.
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Appendix A. TheTotal Factor Productivity M easur e Utilized

The total factor productivity (TFP) is constructasing a multilateral index number approach
developed by Caves, Christensen and Diewert (188&)extended by Good, Nadiri and Sickles (1997).
It was used in empirical studies such as Aw, ChehRoberts (2001) and Fung (2008). The formula can

be specified as:
- to - J— -
INTFR, =(InY, ~InY\) + > (InY, =InY,_,) = > (11 2)(, + 3, )(Inx; ~Inx, )
(A-1) = i

t —

> >.(1/2)@, +3,,)(Inx, ~Inx,,), j=LK M E,

=1 j

wherei indexes businesses apmhputs. Y, is the output of a firm which is measured by thatternative
methods that will be discussed beloxy, denotes inpug in production, the inputs are: labor (L), capital

(K), materials (M) and energy (E). Input sharég)(are the shares of the firm's total expenditure
attributable to inpuf. Assume perfect competition and constant retuonscale, a firm's input shares

should sum up to one; therefore, the share of alagsin be calculated as the residual shiar¥., In X

gj denote the average of the logarithms of outputiapat, and input shares. Using this method, bogh th

output and the input are expressed as a deviation the mean in the base year (1986 in this paper).
Conceptually, the output and input of a firm arenpared to a fictitious firm (with output and inmttthe
means) in the base year. This TFP measure captatiedhe difference between firitand the fictitious

firm in yeart and the movements of means over the years.
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